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LETTER  OF  TRANSMITTAL 
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)gieal  investigations  incidental  to  geological  researches  and  important 
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venience of  reference. 

Very  respectfully,  G.  F.  Becker, 

Geologist  in  Charge  Division  of 
Chemical  and  Physical  Research. 
Hon.  Charles  D.  Walcott, 

Director  United  States  Geological  Survey. 
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CONTRIBUTIONS  TO  MINERALOGY  FROM  THE  UNITED 
STATES  GEOLOGICAL  SURVEY. 


PREFATORY  NOTE. 


By  F.  W.  Clarke. 

Although  mineralogical  research  occupies  a  relatively  small  place 
among  the  many  varied  activities  of  the  United  States  Geological 
Survey,  it  is  by  no  means  neglected.  From  time  to  time  interesting 
material  is  collected  by  the  tield  parties  of  the  organization,  and  speci- 
mens deserving  study  are  received  from  other  sources.  These  are 
worked  up,  as  opportunity  offers,  in  the  chemical  laboratory  of  the 
Survey,  sometimes  independently  and  sometimes,  as  in  the  work 
reported  in  two  of  the  memoirs  here  presented,  in  cooperation  with 
the  geologists  by  whom  they  were  brought  in.  Occasionally  assistance 
is  received  from  investigators  not  connected  with  the  Survey,  and  one 
such  case  is  now  represented  by  the  joint  paper  of  Doctor  Hillebrand 
and  Professor  Penfield,  of  Yale  University.  In  that  instance  the 
chemical  work  was  done  in  Washington  and  the  crystal lographic 
measurements  were  made  at  New  Haven. 

Most  of  the  papers  contained  in  this  bulletin  represent  investigations 
which  are  complete  within  themselves.  The  work  done  by  Mr. 
Steiger  upon  the  silver  and  thallium  derivatives  of  the  zeolites,  how- 
ever, is  to  be  regarded  as  one  part  of  a  series  of  researches  upon  the 
constitution  of  the  silicates.  Some  parts  of  this  series  have  been 
already  published,  and  it  is  hoped  that  this  work  may  be  continued  in 
the  future.  The  field  to  be  covered  is  enormous  and  progress  within 
it  is  necessarily  slow.  Still,  the  results  obtained  so  far  are  definite  and 
significant,  especially  as  the}7  show  a  chemical  plasticity  among  the 
silicates  which  was  formerly  unsuspected. 

Some  of  the  items  of  more  than  ordinary  interest  to  be  found 
within  these  pages  are  as  follows:  Three  new  mineral  species  —  moren- 
(Cite,  coronadite,  and  plumbojarosite — are   described.     Natrojarosite, 
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although  not  absolutely  new,  is  now  thoroughly  established  as  a 
definite  mineral.  The  true  character  of  carnotite  is  shown  in  Doctor 
Hillebrand's  research,  and  the  same  chemist  has  worked  out  more 
fully  than  his  predecessors  the  composition  of  yttrialite  and  its  rela- 
tions to  other  species.  Mr.  Schaller's  very  complete  study  of 
dumortierite  is  also  worthy  of  especial  mention,  and  his  notes  upon 
other  minerals  from  California  are  but  the  first  fruits  of  a  much 
larger  research  which  is  already  well  under  way. 


ON  CARNOTITE  AND  ASSOCIATED  VANADIFEROUS  MINERALS 
IN  WESTERN  COLORADO. 


By  W.  F.  Hillebrand  and  F.  L.  Kan  some. 


INTRODUCTION. 

By  W.  F.  Hillebrand. 

The  rather  widespread  occurrence  in  western  Colorado  of  consider- 
able quantities  of  a  canary-yellow  ore  of  uranium  has  been  known  for 
a  few  years  past.  It  has  been  marketed  to  the  extent  of  a  few  tons, 
but  its  mineralogical  nature  was  unknown  or  incorrectly  surmised 
until  1899. 

In  the  spring  of  that  year  a  specimen  of  this  ore  first  reached  my 
hands  through  Dr.  George  P.  Merrill,  of  the  United  States  National 
Museum,  and  y,  as  soon  found  to  contain  a  mineral  or  minerals  new  to 
science.  Within  a  week  appeared  the  announcement  by  MM.  C.  Friedel 
and  E.  Cumenge"  of  a  new  mineral,  carnotite,  a  hydrous  vanadate  of 
uranium  and  potassium,  obtained  through  Mr.  Poulot  of  Denver,  from 
Roc  Creek,  Montrose  County,  Colo.  Mr.  Poulot  had  already  identi- 
fied vanadium  in  it.  It  was  at  once  seen,  despite  certain  differences 
in  composition,  that  the  two  were  identical. 

According  to  the  French  authors  the  mineral  is  of  simple  composi- 
tion, as  above  expressed,  with  only  a  little  iron  and  mere  traces  of 
Al,  Ba,  Cu,  Pb,  and  also,  according  to  M.  and  Mme.  Curie,  of  the 
radio-active  substances  radium  and  polonium.  The  empirical  formula 
2U.,0;{,  V205,  K80,  3HaO,  was  assigned  to  it,  some  doubt  attaching  to 
the,  water. 

Since  then  I  have  been  able  to  examine  carnotite  from  several  local- 
ities in  western  Colorado,  finding  in  each  case  the  same  lack  of  agree- 
ment with  the  anatyses  of  Friedel  and  Cumenge. 

While  I  was  engaged  in  this  work  my  attention  was  called  to  certain 
more  or  less  greenish  sandstones  from  the  vicinity  of  Placerv7 ille  on 
the  San  Miguel  River,  San  Miguel  County,  Colo.,  which  were  said  to 
be  highly  vanadiferous  and  of  considerable  extent,  and  in  which  a  zone 


a  Bull.  Soc.  Chim.  de  Paris  (3),  xxi,  328,  1899;  Bull.  Soc.  Franc.  Min.,  xxii,  26,  1899;  Comptes  Rendus, 
:xxviii,  532,  1899;  Chemical  News,  lxxx,  16,  1899.    The  papers  as  published  in  French  differ  slightly. 
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a  few  inches  thick  was  rather  strongly  impregnated  with  a  yellow 
mineral  resembling  and  probably  identical  with  carnotite.  This  min- 
eral appeared  also  scattered  through  the  sandstone  at  other  points  in 
sporadic  small  patches,  sometimes  visible  only  by  aid  of  a  lens. 

This  occurrence  led  to  the  thought  that  the  carnotite  bodies  farther 
west  might  also  be  associated  with  existing  or  dependent  on  preexist- 
ent  vanadiferous  sandstones.  For  the  carnotite  of  Montrose  and  Mesa 
counties,  as  is  stated  by  the  French  authors,  occurs  mixed  in  all  pro- 
portions with  quartz-sand  grains,  the  remnants,  beyond  doubt,  of 
former  sandstone  bodies,  and  it  was  soon  recognized  that  in  the  car- 
notite bodies  the  vanadium  existed  in  two  conditions,  the  larger  part 
by  far  as  pentavalent  vanadium  in  the  easily  soluble  carnotite,  and  a 
smaller  and  sometimes  hardly  distinguishable  portion  as  trivalent  vana- 
dium in  a  much  less  soluble  silicate  which  was  free  from  uranium. 

It  was  hoped  that,  by  a  field  reconnaissance,  observations  bearing 
on  these  points  would  be  obtained  and  material  assembled  which  would 
on  analysis  help  to  determine  the  nature  and  explain  the  association  of  I 
these  two  entirely  different  classes  of  mineral  substances. 

The  field  and  microscopical  observations  of  Messrs.  Ransome  and! 
Spencer  are  embodied  in  the  pages  immediately  following  these  intro- 
ductory remarks.     Unfortunately  their  collections,  except  those  from 
Placerville,  came  to  hand  so  late  that  the  chemical  work  on  the  more* 
western  occurrences  has  been  confined  to  the  carnotite  bodies  alone., 
specimens  of  which  were  already  in  my  hands.     Greenish  sandstones 
have  been  observed  by  Messrs.  Ransome  and  Spencer  in  those  regions, 
but  whether  any  of  them  are  highly  vanadiferous,  or  what  their  con 
nection  with  the  carnotite  may  be,  remains  yet  unknown.     The  only 
two  examined  did  not  owe  their  color  to  vanadium.     Meanwhile  th< 
chemical  results  thus  far  obtained  will  be  found  in  the  concluding  sec 
tion  of  this  paper. 

In  this  place  it  is  my  pleasure  to  record  my  appreciation  of  th 
readiness  with  which  the  following  gentlemen  have  supplied  me  wit 
material  for  study:  Messrs.  Poulot  and  Voilleque  of  Denver,  Mr.  A\ 
B.  Frenzel  of  Placerville,  and  Mr.  J.  R.  Duling  of  Paradox.  Thess 
gentlemen  have  also  not  hesitated  to  give  me  all  information  at  theft 
disposal  as  to  cccurrence  and  field  relations  of  these  interesting  on 
bodies. 

OCCURRENCE  OF  THE  URANIUM  ANT)  VANADIUM  ORES.  ! 


By  F.  L.  Ransome. 
GENERAL  STATEMENT. 

In  the  autumn  of  1899,  accompanied  by  Dr.  A.  C.  Spencer,  who 
knowledge  of  the  stratigraphy  of  the  region  was  of  great  assistant 
I    made  a  hasty  reconnaissance   trip  into   the   western    portions 
San  Miguel,  Montrose,  and  Mesa  counties,  near  the  Utah-Colora* 
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line.  The  primary  object  of  the  expedition,  in  accordance  with  a 
suggestion  from  Mr.  S.  F.  Emmons,  was  to  investigate  the  copper 
deposits  of  La  Sal  Creek,  Paradox  and  Sinbad  valleys,  and  the  vicinity, 
which  had  been' the  occasion  of  some  mining  excitement  a  few  months 
before.  A  memorandum  from  Dr.  W.  F.  Hillebrand,  received  just 
before  starting,  indicated  that  it  would  be  well  also  to  examine  certain 
prospects  on  which  some  preliminary  work  had  been  done,  looking 
toward  the  extraction  of  ores  of  uranium  and  vanadium.  It  is  to  these 
ores  that  the  present  notes  are  confined. 

The  most  convenient  way  of  reaching  Paradox  Valley  was  found  to 
be  the  stage  road,  which,  starting  from  Placerville,  a  settlement  and 
station  on  the  Rio  Grande  Southern  Railroad,  runs  by  way  of  Nor- 
wood, Shenandoah,  and  Naturita  to  Paradox,  a  distance  of  00  or  70 
miles.  The  region  can  also  be  reached  from  the  west  by  way  of 
Moab,  in  Utah. 

The  topography  of  the  region  west  of  Placerville  is  that  character- 
istic of  the  "mesa  country"  of  western  Colorado  and  southeastern 
Utah.  Broad  stretches  of  plateau  are  intersected  by  steep-walled 
canyons  and  cliff -encircled  valleys.     The  underlying  rocks  comprise  the 

Red  Beds"  of  the  Dolores  formation"  (Triassic),  the  La  Plata  forma- 
tion (Jurassic),  the  McElmo  formation  (Jurassic),  the  Dakota  sand- 
stone (Cretaceous),  and  the  Mancos  shales  (Cretaceous).  Carbonif- 
erous rocks  occur  in  Sinbad  Valley,  and  a  series  of  gypsum-bearing 
shales  of  unknown  age  is  found  in  the  bottoms  of  Sinbad  and  Paradox 
valleys,  but  as  the  ore  deposits  to  be  described  all  occur  in  the  beds  of 
the  La  Plata  and  McElmo  formations,  these  older  rocks  need  not  again 
jbe  referred  to%  The  sediments  making  up  these  various  formations 
lie  usually  nearly  horizontal,  but  they  are  sometimes  flexed  and  fre- 
quently faulted. 

In  all  of  the  prospects  examined  the  ore  of  uranium  occurs  in  the 
form' of  the  recently  described  bright-yellow  carnotite.  In  one  case 
this  is  intimately  associated  with  a  dull  olive-green  mineral  which, 
according  to  Doctor  Hillebrand,  is  either  identical  with,  or  very  closely 
tullied  to,  the  vanadium-mica  roscoelite.  Deposits  of  one  or  both  of 
(these  minerals  occur  widely  scattered  over  San  Miguel  and  Montrose 
bounties,  Colo.,  and  in  the  Blue  Mountain  (Sierra  Abajo)  district  of 
southeastern  Utah;  but  only  a  few  of  the  known  deposits  were  per- 
sonally examined. 

PLACERVILLE   DEPOSITS. 

These  are  essentially  vanadium  deposits,  and  occur  4,500  feet  nearly 
northeast  of  the  railway  station  near  Placerville,  and  about  1,000  feel 
above  the  San  Miguel  River.     The  lower  900  feet  of  the  San  Miguel 


«The  formation  names  used  in  these  notes  are  those  adopted  by  Mr.  Whitman  Cross  in  the  text  of 
he  Telluride  folio  (folio  57),  of  the  U.  S.  Geological  Survey.  The  reader  is  referred  to  this  folio  for 
uller  descriptions. 
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canyon  is  cut  in  the  characteristic  "  Red  Beds  "  of  the  Dolores  formation. 
Above  the  Dolores  comes  the  La  Plata  sandstone  in  typical  develop- 
ment, as  described  in  the  Telluride  folio,  viz,  two  heavy  beds  of  light- 
colored  sandstone,  separated  by  a  much  thinner  bed  of  dark  limestone. 
The  roscoelite  occurs  as  an  impregnation  in  the  lower  bed  of  the  La 
Plata  sandstone,  about  100  feet  above  the  base,  and  just  beneath  the 
bed  of  dark  limestone.  All  the  beds  at  this  point  are  practically  hori- 
zontal. The  dark  green  vanadiferous  sandstone  occurs  in  a  nearly 
continuous  band,  approximately  parallel  to  the  bedding  planes,  and 
varying  in  thickness  from  a  few  inches  up  to  5  or  0  feet.  This  banc 
extends  along  the  sandstone  cliffs  for  an  estimated  distance  of  aboul 
2,000  feet.  The  roscoelite  more  or  less  thoroughly  impregnates  por- 
tions of  the  line-grained  sandstone  which  constitutes  the  mass  of  the 
bed.  It  sometimes  makes  up  more  than  20  per  cent  of  the  vanadif 
erous  facies.  Normally  the  sandstone  of  this  lower  bed  of  the  Li 
Plata  is  light  buff  in  color,  with  patches,  mottlings,  and  stripes  of  pah 
pink,  the  latter  color  being  apparently  due  to  small  amounts  of  ferri 
oxide.  But  when  richly  impregnated  with  roscoelite  this  light-coloree 
sandstone  becomes  dark  olive-green,  the  contrast  being  most  market 
when  the  cliffs  are  wet.  Although  fairly  continuous  for  the  distane 
stated,  this  zone  of  vanadiferous  sandstone  is  by  no  means  regular 
It  varies  much  in  thickness,  and  in  one  place  splits  into  two  or  mor- 
branches.  At  some  points  two  or  more  distinct  streaks  of  roscoelite 
bearing  sand  were  found  at  different  horizons  in  the  main  sandstone 
bed.  The  carnotite  is  not  nearly  so  abundant  as  the  roscoelite  at  thi 
locality.  It  occurs  as  minute  yellow  specks  in  the  sandstone,  and  pai 
ticularly  as  thin  horizontal  seams  or  streaks  near  the.  bottom  of  th 
vanadiferous  zone. 

The  work  thus  far  done  on  the  several  claims  which  have  bee 
located  along  these  deposits  is  of  the  most  superficial  character.     O1 
the  Canary  claim  Mr.  A.  B.  Frenzel  has  run  a  tunnel,  about  18  fe< 
long,  which  exposes  a  typical  section  of  the  impregnated  zone.     Tl 
roof  of  the  tunnel  is  formed  by  the  under  side  of  the  bed  of  dark  linj 
stone  previously  referred  to.     This  limestone  is  underlain  by  a  fe 
inches  of  sandy  limestone  which  passes  into  the  light-buff  La  Pla 
sandstone  without  break.     The  latter  contains  abundant  calcite  as 
cement  or  matrix  for  the  sand  grains.     At  a  distance  of  a  foot  belo 
the  limestone,  the  sandstone  shows,  on  close  inspection,   numeroi 
specks  of  carnotite  and  gives  a  qualitative   reaction   for  vanadiu 
(Hillebrand).     Examined  in  thin  section  under  the  microscope,  th 
portion  of  the  bed  shows  a  line-grained  homogeneous  sandstone, 
which  well-rounded  grains  of  quartz  are  held  together  by  a  rath 
abundant  matrix  of  calcite.     The  calcite  is  crystallized  as  a  fine  gran 
lar  aggregate  and  includes  small  indeterminable  particles  of  vario 
kinds.     Many  of  the  quartz  grains,  as  seen  in  section,  are  entire 
surroundeel  by  calcite,  and  so  isolated  from  adjacent  grains.     A  pi 
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lemon-yellow  substance  occurs  sporadically  in  the  section  as  an  inter- 
stitial material  between  the  quartz  grains.  This  is  probably  the  car- 
notite,  which  was  seen  as  small,  yellow  specks  in  the  hand  specimen. 
It  is  very  minutely  crystalline,  recalling'  the  habit  of  some  obscure 
chloride  aggregates  in  decomposed  igneous  rocks,  and  is  too  indistinct 
for  successful  optical  study.  Small  crystal  grains  of  zircon  are  scat- 
tered through  the  sandstone,  and  are  readily  concentrated  in  the  resi- 
due after  treating  with  hydrofluoric  acid. 

Within  the  next  2  feet  below  the  zone  where  it  exhibits  the  fore- 
going facies,  the  sandstone  becomes  pinkish  in  consequence  of  the 
presence  of  ferric  oxide,  and  in  this  pinkish  rock  the  lens  fails  to 
reveal  any  roscoelite  or  carnotite.     But  just  below  the  pink  zone  the 
sandstone  begins  to  show  yellow  and  green  specks.     The  latter  espe- 
cially become  more  numerous  and  larger,  until  at  from  3  to  4  feet 
below  the  limestone  the  sandstone  has  a  decided  green  tint.     Farther 
downward  this  deepens,  until  near  the  floor  of  the  tunnel  the  sandstone 
is  a  uniform  deep  olive-green.     This  green  rock  is  rich  in  roscoelite 
over  20  per  cent)  and  shows  many  small  yellow  specks  of  carnotite. 
This  is  regarded  as  the  first-class  ore,  and  the  chief  value  of  the  deposit 
s  supposed  to  be  in  its  vanadium,  the  uranium  being  very  subordinate. 
[n  this  respect  the  Placerville  deposit  differs  from  those  on  La  Sal  and 
Joe  creeks,  presently  to  be  described,  where  the  mineral  sought  for 
md  occurring  most  abundantly  is  carnotite. 

Thin  sections  of  the  green-spotted  sandstone,  when  examined  micro- 
copically,  resemble  those  of  the  light-buff  sandstone  just  above  it,  as 
ar  as  character  of  quartz  grains  and  relative  abundance  of  matrix  are 
oncerned.  But  the  character  of  the  matrix  or  cement  is  different. 
Jalcite  is  much  less  abundant  and  its  place  is  largely  taken  by  roscoe- 
Jte.  This  is  grass-green  in  thin  section,  and  might  readily  be  mis- 
jaken  for  indistinct  wisps  and  areas  of  chlorite.  It  sometimes  forms 
distinct  envelope  around  the  quartz  grains,  showing  an  indistinct 
foliated  or  fibrous  structure,  with  the  fibers  normal  to  the  surface  of 
e  grains. 

The  uniformly  dark-green  sandstone,  richest  in  roscoelite,  does  not 

I  ffervesce  with  acids  and  shows  no  calcite  cement  in  thin  section. 

fhe  usual  quartz  grains  are  held  together  by  roscoelite.     This  is  crys- 

,  illine,  but  the  highest  available  powers  show  only  an  indistinct  and 

linute  foliation,  such  as  may  be  observed  in  some  very  finely  crys- 

Jillize,d  chlorites. 

Close  to  the  floor  of  the  tunnel  is  a  fairly  regular,  nearly  horizontal 
reak  of  carnotite,  varying  in  width,  but  usually  less  than  an  inch 
ide,  and  showing  noticeable  diminution  in  thickness  in  the  face  of 
e  tunnel.  This  small  seam  is  not  solid  carnotite,  but  is  merety  a 
ne  in  the  sandstone  impregnated  with  the  bright-fellow  uranium 
lineral.  It  is  not  nearly  so  continuous  as  the  main  vanadiferous  belt, 
tad  was  seen  only  at  three  or  four  places  along  the  outcrop  of  the 
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belt,  which  extends  for  a  distance  of  about  2,000  feet.  When  thi 
seam  is  closely  examined  it  is  seen  that  narrow  bands  rich  in  carnotiti 
alternate  with  green  bands  carrying  mostly  roscoelite.  There  is  als< 
usually  present  a  seam  of  almost  pure  quartz,  generally  about  ai 
eighth  of  an  inch  in  thickness,  though  often  thicker.  The  microscopi 
shows  it  to  be  a  true  quartzite,  in  which  the  original  rounded  detrita 
grains  of  quartz  have  been  cemented  by  fresh  quartz  in  optical  conti 
iruity  with  the  older  granules.  A  similar  quartzite  occurs  in  th< 
green  vanadiferous  sandstone  above  the  carnotite,  where  it  forms  con 
cretionary  knots  and  nodules.  It  was  not  noted  in  the  buff  sandstone 
however,  where  the  cementing  material  is  calcite. 

Immediately  below  the  carnotite  seam  there  is  a  parting  or  " floor' 
in  the  sandstone,  probably  originally  a  very  thin  layer  of  shale,  whicl 
forms  the  working  floor  of  the  tunnel.  The  sandstone  below  thi 
floor  is  plainly  impregnated  for  a  short  distance  with  roscoelite,  bu 
the  thin  shale  seam  is  regarded  as  the  practical  bottom  of  the  deposit 

The  questions  of  the  origin  and  actual  extent  of  this  deposit  an 
closely  related  and  are  of  much  interest.  Their  discussion  will  b 
deferred  until  the  other  deposits  visited  have  been  described. 

Some  distance  below  the  Placerville  vanadium  deposit  a  zone  o 
green  sandstone,  presumably  belonging  to  the  Dolores  formation,  waa 
observed.  This  color  is  a  somewhat  brighter  green  than  that  of  tb 
vanadiferous  sandstone  higher  up  the  slope.  As  there  are  some  coi 
per  prospects  near  by,  from  which  ore  has  been  taken,  this  was  suj; 
posed  to  be  a  copper  stain.  Qualitative  tests  by  Doctor  Hillebrari 
show,  however,  that  the  color  is  due  to  a  compound  of  chromium. 

Similar  green  sandstones  occur  on  the  western  side  of  Sinbad  Vallc 
in  what  is  apparently  the  La  Plata  formation,  and  were  original 
supposed  to  be  impregnated  with  roscoelite.  Doctor  Hillebranc 
investigations,  however,  show  that  they  too  owe  their  color  to  son 
chromium  mineral.  These  occurrences  are  interesting  as  showii 
that  a  green  color  in  sandstones  may  result  from  various  causes,  ai 
that  even  a  bright  green  tint  can  not  be  taken  as  an  infallible  indie 
tion  of  copper. 

LA   SAL  CREEK   DEPOSITS. 

These  occur  in  the  extreme  western  portion  of  Montrose  Count  j 
southwest  of  Paradox,  and  about  6  miles  up  La  Sal  Creek  from  Cash 
They  are  reached  by  trails  from  Paradox  Valley  and  from  Cash 
The  deposits  are  on  the  south  side  of  La  Sal  Creek  and  about  700  frfj 
above  the  stream.  They  occur  for  a  distance  estimated  at  more  tb 
a  quarter  of  a  mile,  along  the  sandstone  cliffs  which  descend  from  1 
mesa  into  the  canyon  of  La  Sal  Creek,  and  only  a  few  feet  below  I 
level  of  the  mesa  surface. 

In  the  absence  of  continuous  stratigraphic  work,  it  is  impossi 
to  correlate  certainly  and  finally  the  rocks  on  La  Sal  Creek  with 
divisions  established  by  Cross  and  Spencer  in  the  Telluride  quadrang  J 
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which  lies  just  east  of  this  area.  It  seems  probable,  however,  that  the 
La  Plata  sandstone  attains  a  much  greater  thickness  in  this  portion  of 
western  Colorado  than  it  does  between Telluride  and  Placerville.  The 
limestone  bed,  so  characteristic  a  feature  of  the  formation  near  Placer- 
ville and  farther  east,  is  not  uniformly  present  in  this  western  region, 
and  the  La  Plata  sandstone  (Variegated  beds,  in  part,  of  the  Harden 
survey)  is  not  always  readily  differentiated  from  the  underlying 
Dolores  formation  (Red  Beds).  For  a  vertical  distance  of  about  400 
feet  above  the  bed  of  La  Sal  Creek  the  rock  is  a  heavy-bedded,  rather 
fine-grained,  light-colored  sandstone,  which  is  considered  by  Doctor 
Spencer  to  be  the  La  Plata.  Above  this  come  thinner-bedded  sand- 
stones, with  some  conglomerates  and  shales,  which  are  included  in  the 
McElmo  formation.  It  is  in  this  upper  series  that  the  uraniferous 
deposits  occur.     All  the  beds  are  here  approximately  horizontal. 

As  revealed  b}^  numerous  small  openings  near  the  crest  of  the  bluff, 
the  carnotite,  which  is  the  material  here  sought,  is  found  chiefly  in  a 
massive  bed  of  nearly  white  sandstone.  Some  of  the  ore,  however, 
lies  between  the  sandstone  and  a  lower  bed  of  light-gray  shale. 
Although  the  prospecting  openings  all  lie  at  about  the  same  level 
uong  the  cliffs,  the  deposit  is  not  nearly  so  regular  as  the  vanadif  erous 
band  near  Placerville. 

The  carnotite  of  La  Sal  Creek  occurs  as  irregular,  bunchy  u pockets" 

n  the  sandstone,  or  along  the  contact  of  the  sandstone  with  the  under- 

ying  shale.     These  have  all  the  appearance  of  being  impregnation 

leposits,  the  solutions  carrying  the  uranium  compounds  having  depos- 

ted  the  ore  wherever  they  found  ready  passage  through  the  rock — usu- 

tlly  along  bedding  planes.     No  roscoelite  was  seen  with  the  earnotite. 

The  most  remarkable  and  interesting  fact  in  regard  to  the  La  Sal 

>eek  deposits  is  their  very  superficial  character.     The  ore  bodies  are 

isually  flat-lying  streaks,  a  few  inches  thick,  which  grade  above  and 

[>elow  into  the  common    light-buff  sandstone,  and  which  die  out  and 

jlisappear  when  followed  into  the  hillside.     In  tunnels  that  run  but  a 

jew  feet  underground  the  yellow  impregnation  of  carnotite  can  be  seen 

Tadually  to  die  out  and  to  be  succeeded  by  light-colored  sandstone, 

howing  no  trace  of  the  mineral.     It  is  doubtful  whether  any  appre- 

iable  quantity  of  carnotite  occurs  as  much  as  20  feet  from  the  surface, 

n  any  of  the  locations,  although  this  distance  is  given  from  memory 

nd  not  from  measurements  on  the  ground.     As  before  stated,  the 

I  npregnation  has  usually  taken  place  along  bedding  planes;  it  has  also 

roceeded  along  surfaces  of  minor  and  superficial   movement    in  the 

ocks.     In  one  case  it  was  observed  that  a  portion  of  the  overlying 

mdstone  had  moved  upon  the  underlying  shales,  the  disturbance  being 

pparently  a  superficial  one,  of   a  kind  commonly  enough  observed 

here  massive  beds  rest  on  yielding  shales  on  a  steep  hillside.     In 

ther  words,   the  movement  appeared  to   be  directly  related  'to  the 

resent  topography.     7'he  carnotite  was  here  deposited  subsequent  to 
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the  movement  and  had  filled  the  small  openings  and  dislocations  in  thi 
shale  caused  by  this  very  recent  disturbance.  It  was  reported  tha 
some  of  the  best  nests  of  ore  had  been  found  in  "slide  rock,"  i.  e. 
rock  which  had  slipped  to  some  extent  down  the  slope;  but  I  wa 
unable  to  verify  this  statement  further  than  is  indicated  in  the  pre 
ceding  description.  There  can  be  little  doubt  that  the  deposits  of  car 
notite  on  La  Sal  Creek  are  not  only  very  superficial  in  character  bu 
very  recent  in  age. 

ROC   CREEK   DEPOSIT. 

The  principal  claim  is  the  Copper  Prince,  owned  by  J.  R.  Duling 
on  the  north  side  of  Roc  Creek,  3  or  4  miles  above  its  mouth,  and  nea 
the  foot  of  the  Miller  trail  to  Paradox.     It  is  reached  by  this  trail  fron 
Paradox  Valley,  or  by  trail  from  Hydraulic  on  the  Dolores  River 
This  deposit  is  in  the  La  Plata  sandstone,  according  to  Doctor  Spen 
cer's  observations,  and  has  been  more  extensively  exploited  than  an; 
other  seen.     The  sandstone,  which  at  this  point  is  nearly  horizontal 
is  cut  by  an  east- west  fault,  the  fault  plane  dipping  north  at  about  7(>c 
The  amount  and  character  of  the  throw  could  not  be  determined.     I 
is  probably  less  than  50  feet.     The  carnotite  occurs  in  the  hanging  wai 
of  the  fissure  as  small  irregular  branches  in  a  loose  mass  of  crusher 
sandstone  and  also  as  an  impregnation  of  some  of  the  firmer  portion 
of  the  bed.     No  roscoelite  was  seen.     Several  small  tunnels  have  bee 
run  in  on  the  hanging  wall  side  of  the  fissure  (which  itself  carries  r 
vein  or  ore-body),  but  they  had  been  securely  closed  by  planking,  an 
no  examination  of  their  inner  ends  could  be  made.     I  am  thus  unab 
to  tell  what  changes  the  deposit  would  show  if  it  could  be  folio  we 
inward  from  the  surface.     A  few  hundred  pounds  of  picked  carnoti 
ore  has  been  shipped  from  this  claim  and  is  reported  to  have  sold  f< 
$1.25  a  pound  in  Denver.     This  deposit  is  similar  in  character  to  othe 
examined,  except  that  in  this  case  a  well-defined  fault  has  provided: 
zone  of  crushed  and  porous  rock  in  the  hanging  wall,  along  whi 
impregnation  could  take  place.     A  few  hundred  feet  farther  west  tt 
crushed   sandstone   adjoining  the  fault  has   been  impregnated  wi 
cupriferous  solutions  and  is  spotted  with  stains  of  the  blue  and  gre 
carbonates  of  copper. 

OTHER  DEPOSITS. 

It  is  known  that  several  carnotite  claims  have  been  located 
Gypsum  Valley  in  what  is  known  as  the  Disappointment  distriij 
The  impregnated  sandstone  is  said  to  cap  a  hill  and  to  constitute 
extensive  deposit,  but  it  was  not  visited.  Carnotite  is  also  repor 
from  the  Blue  Mountain  district,  but  I  have  no  personal  knowledge 
these  occurrences.  It  seems  highly  probable  that  the  material  \ 
be  found  widely  distributed  in  the  Mesozoic  sandstones  of  west 
Colorado  and  eastern  Utah,  although  perhaps  nowhere  in  very  ext 
sive  bodies. 
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ORIGIN   OF    THE    DEPOSITS. 

That  the  bodies  of  earnotite  and  roscoelite  were  formed  subsequently 
to  the  deposition  of  the  sandstones  is  evident  from  the  facts  presented 
in  the  preceding  pages.     It  is  equally  plain  that  the  minerals  could  not 
have  resulted  from  the  alteration,  in  place,  of  other  compounds  of 
vanadium  and  uranium  originally  contained  in  the  sands.     The  shape 
ind  position  of  the  deposits  indicate  clearly  that  the  ores  have  been 
brought  to  their  present  position  by  transportation.     Moreover,  the 
recency  of  the  deposits  and  the  fact  that  they  are  sometimes  directly 
3onnected  with  faults  and  dislocations  in  the  sandstones  show  that  the 
vanadium  and  uranium  compounds  could  not  have  been  the  original 
cementing  material  of  the  quartz  grains,  but  in  all  probability  they 
have  locally  replaced  the  calcite  that  acts  as  matrix  to  the  ordinary 
ight-colored  sandstone  in  which  the  ore  bodies  occur.     The  deposits 
)f  roscoelite   appear  to  be  comparable  to  impregnations  formed    in 
sandstones  by  cupriferous  solutions — such  impregnations  as  ma}^  be 
ieen  at  many  places  in  this  region,  particularly  on  La  Sal  Creek  near 
]ashin  and  in  Sinbad  Valley — whereby  the  sandstone  becomes  colored 
>right  green  with  carbonate  of  copper.     In  these  places,  however,  the 
opper  appears  to  have  been  previously  deposited  in  part  as  chalcocite. 
Ln  analogy  might  also  be  drawn  with  the  green  chromiferous  sand- 
tone  near  Placerville,  already  referred  to.     In  all  these  cases  the 
ctual  sources  of  the  materials  which  have  been  deposited  by  solu- 
ons  in  their  present  position  are    not   known.     Doctor  Hillebrand 
as  shown, a  however,  that  vanadium  in  small  amounts  is  widely  dis- 
ibuted  in  sandstones,  limestones,  and  igneous  rocks.     It  is  perhaps 
resent  in  very   small  amounts  throughout  the  sandstone,  and   the 
eposits  described  ma}r  simply  represent  a  concentration  of  this  mate- 
al  under  certain  favorable  conditions  of  solution  and  redeposition. 
In  the  absence  of  exploitation  it  is  manifestly  impossible  to  predict 
le  probable  shape  and  size  of  ore  bodies  formed  in  this  manner, 
he  roscoelite  seen  near  Placerville  appears,  however,  to  be  much 
I  ore  persistent  than  the  earnotite.     There  is  no  apparent  reason  why 
mass  of  sandstone,  impregnated  with  roscoelite,  which  is  continu- 
ity exposed  for  several  hundred  feet  along  a  cliff,  should  not  extend 
r  a  considerable  distance  inward  from  the  cliff  face.     The  earnotite, 
1  the  other  hand,  appears  to  be  of  much  more  superficial  occurrence, 
d  its  connection  with  the  present  surface  of  the  ground  is  not  yet 
lly  understood.     This  would  indicate  that  the  earnotite  results  from 
ocal  concentration  of  material  already  existent  in  the  sandstone,  and 
e  deposition  of  this  material  in  the  form  of  earnotite  under  condi- 
>ns  determined  by  proximity  to  the  surface,  and  probably  partly 
pendent  upon  a  semiarid  climate. 
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CHEMICAL   ANALYSES   AND   DISCUSSION. 

By  W.  F.  HlLLEBRAND. 

I.  GREEN  COLORING  CONSTITUENT  OF  PLACERVILLE  SANDSTONE. 

As  noted  by  Doctor  Ransome,  the  greener  the  sandstone  the  greater 
has  been  the  replacement  of  the  calcareous  cementing  material  by  the 
crystalline  vanadiferous  mineral.     Fortunately,  the  greenest  available 
specimen  was  entirely  free  from  carbonate,  and  this  was  used  for] 
analysis,  10  grams  being  taken  for  the  main  portion. 

The  green  substance  was  but  slightly  attacked  by  cold  acids  and  not 
rapidly  by  hot  ones,  nevertheless  after  from  twelve  to  twenty-four] 
hours' digestion  on  the  water  bath  with  diluted  nitric  acid  the  greenish] 
color  had  been  transferred  to  the  liquid,  the  residue  of  sand  was  nearly] 
white,  and  a  rather  voluminous  separation  of  nongelatinous  silica  had 
taken  place.     The  filtration  and  washing  of  the  insoluble  matter  was! 
accomplished  without  difficulty.     The  free  silica  in  it  was  extracted  by] 
two  or  three  digestions  of  fifteen  minutes  each  on  the  water  bath  with! 
sodium  carbonate  solution  of  5  per  cent  strength.    The  flocculent  matter} 
had  entirely  disappeared  and  the  sandy  residue  was  collected  in  a  Goochj 
crucible  and  washed  with  hot  sodium  carbonate  solution,  followed  bfl 
very  dilute  nitric  acid,  and  finally  by  alcohol,  to  prevent  turbid  filtra- 
tion.    Drying  of  the  sand  was  effected  b}r  allowing  the  pump  to  draw ' 
air  through  the  crucible  until  no  further  loss  in  weight  resulted. 

The  water  in  the  sand  was  then  determined  at  105°,  at  300  ,  and 
above  300°.     Similar  water  determinations  having  been  made  on  the|« 
unattacked  substance,  the  differences  gave  the  water  expelled  at  those 
temperatures  from  the  soluble  part. 

The  sodium  carbonate  solution  was  acidified,  evaporated,  and  fil- 
tered, and  the  filtrate  again  evaporated,  to  recover  the  last  of  the  silica. 
To  this  was  added  a  very  small  portion  which  the  nitric-acid  extract 
of  the  sandstone  held  in  solution.     The  sum  represents  the  total  silica  ij 
of  the  decomposed  portion  of  the  sandstone. 

The   further   analysis   of   the   nitric   solution   presented   difficulty 
because  of  the  vanadium  it  contained.     It  was  carried  out  in  a  variety  | 
of  ways,  of  which  the  following  seemed  to  be  most  satisfactory: 

Barium  was  first  precipitated  by  sulphuric  acid  and  subsequently 
separated  from  traces  of  lead,  calcium,  and  vanadium.     Hydrogen 
sulphide  then  threw  out  further  traces  of  lead  and  copper  with  much  i 
sulphur  from  reduction  of  V2Os  to  V204.     After  evaporation  of  the  j 
filtrate  to  reoxidize  vanadium  and  iron,  the  alumina,  iron,  and  trace 
of  uranium  with  much  vanadium  were  separted  from  the  calcium,  j 
magnesium,  and  alkalies  by  three  precipitations  by  ammonia  solution.  ! 
The  combined  filtrates  were  evaporated  and  ignited,  the  residue  was 
transferred  to  a  porcelain  boat  with  nitric  acid,  evaporated  therein  to  j 
complete  dryness,  and  exposed   in  a  glass  tube  to  a  current  of  dry 
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hydrochloric-acid  gas,  as  recommended  by  Smith  and  Hibbsa  for  the 
expulsion  of  vanadium  from  alkaline  vanadates.  The  removal  of 
vanadium  being  incomplete,  the  contents  of  the  boat  were  again 
evaporated  with  nitric  acid  and  again  distilled,  and  these  operations 
were  repated  till  no  further  evidence  of  a  brown  distilate  appeared. 
The  boat  now  contained  only  magnesium  and  alkalies  with  a  little 
calcium.  The  distillates,  containing  all  the  vanadium  that  was  in  the 
boat,  had  been  collected  in  U -tubes  charged  with  water,  and  were 
eventually  obtained  in  sulphuric  solution  for  further  treatment  by 
evaporating  with  sulphuric  acid  in  porcelain. 

The  precipitate  of  A1203,  etc.,  was  dissolved  in  nitric  acid,  evap- 
orated almost  to  dryness  in  platinum,  and  boiled  with  sodium-hydrox- 
ide solution.  These  operations  were  repeated  on  the  precipitate  after 
filtration.  The  iron  and  titanium  thus  purified  were  redissolved,  pre- 
cipitated by  ammonia,  weighed,  redissolved  by  acid  potassium  sulphate, 
and  the  ferric  iron  was  reduced  by  h}7drogen  sulphide  and  titrated  with 
permanganate  after  boiling  out  the  reducing  agent.  The  titanium 
was  then  found  colorimetrically  b}r  hydrogen  peroxide. 

The  combined  alkaline  filtrates  were  heated  with  excess  of  ammo- 
nium nitrate  to  separate  alumina  from  most  of  the  vanadium.     The 
precipitate  was  redissolved  in  nitric  acid,  reprecipitated  by  ammonia, 
then  ignited  and  weighed  and  redissolved  by  acid  potassium  sulphate. 
The  sulphuric  solution  was  reduced  by  hydrogen  sulphide,  boiled  and 
filtered  from  platinum  sulphide,  again  boiled  in  a  current  of  carbon 
ioxide,  and  titrated  hot  with  permanganate.    Sulphur  dioxide  gas  was 
hen  introduced,  boiled  out  in  a  current  of  carbon   dioxide,  and  the 
itration  repeated,  this  second  result  being  taken  as  representing  the 
204  equivalent  to  the  V205  that  still  contaminated  the  A1203.    Deduct- 
ing the  V205  thus  found  from  the  combined  weight  of  A1203  and  V2Os 
jave  the  A1203  of  the  soluble  constituent  of  the  sandstone. 

The  combined  filtrates  from  the  alumina  were  evaporated  and  ignited 
:o  remove  ammoniacal  salts;  the  residue  was  converted  to  sulphates 
md  united  with  the  earlier  solution  of  vanadium  sulphate.  The 
vanadium  in  it  was  then  determined  precisely  in  the  manner  already 
lescribed,  and  when  added  to  that  found  with  the  alumina  and  calcu- 
ated  to  V203  gave  the  total  in  the  sandstone. 

A  check  was  made  by  dissolving  the  sandstone  in  hydrofluoric  and 
ulphuric  acids  in  a  current  of  carbon  dioxide  and  titrating  the  V203 
vith  permanganate.  The  figure  thus  obtained  was  a  trifle  below  that 
ound  as  above  detailed,  and  this  is  to  be  attributed  to  the  presence  of 
,  very  little  vanadium  as  V2Os  in  carnotite,  and  probably  as  a  lead 
ranadate.  All  the  uranium  and  most  of  the  trifling  amount  of  lead 
ould  be  extracted  by  cold  dilute  nitric  acid,  showing  that  they  were 
oreign  to  the  green  substance1. 
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It  is  preferable  to  regard  iron  as  in  the  ferric  rather  than  the  fer- 
rous state;  otherwise  an  equivalent  amount  of  vanadium  would  have 
to  be  considered  as  V205,  for  which  there  is  no  occasion.  It  is  quite 
possible  that  the  iron  is  in  part,  if  not  wholly,  foreign  to  the  green 
matter,  for  it  would  be  surprising  to  find  an  exposed  sandstone  free 
from  ferric  oxide. 

If  the  iron  is  disregarded  as  probably  extraneous,  the  ratios  given 
below  afford  the  following  empirical  formula: 


HQO„  R' 


U1?    -"^ae    ^  m   ft  39   ^    610 


194 

R 


194 

R 


R"       Ti'" 

11    39     "^      610 


R" 


^763     ^2775* 

(Si04)565  (Si3o8), 


Simplified,  this  is  H4 

In  view  of  the  fact  that  the  mineral  is  probably  not  perfectly  pure 
and  of  the  uncertainties  affecting  the  amount  of  water  to  be  considered, 
etc.,  the  above  affords  a  close  approach  to  the  typical  phengitic  mus- 
covite  formula,  H2KR'"3X3,  in  which  X  comprises  the  groups  Si04! 
and  SLOe. 


Soluble  in  nitric  acid: 

Si02 

Ti02 

VA 

ALA 

Fe203 

CaO 

BaO 

MgO 

K20 

Na20 

H2C)  at  105° 

H20  at  105°-300°  . 
11,0  above  300°  .. 

U03 

PbO 

v2o5..., 

Insoluble  in  nitric  acid 

Quartz,  etc 

H20  at  105° 

H90  above  105°  .. 


Sandstone. 


12.56 

.02 

«  3.  50 

6.15 
.20 
.12 
.37 
.25 

2.41 
.06 
.54 
.14 
.97 
.05 
.06 
.05 

l>  72.  24 
.04 

.20 


99.93 


Ratios. 


0.763 


305 


039 


097 


198 


Silicate. 


46.  06 

12.84 

22.  55 

.73 

.44 

1.35 

.92 

8.84 

.22 

1.98 

.51 

3.56 


100.00 


Roscoelih 


45.17: 

.78' 

24.  01 1 

11.541 

FeO  1.6( 


l.ft 
10.3'; 

.01 

.4f  J 

.1 


4.1:1 


99.8 


"Oxidation  by  permanganate  of  the  HF1  and  H0SO4  solution  of  the  sandstone  indicated  3.43  pi  ' 
cent  V0O3  (mean  of  3.60,  3.32,  3.48,  3.43). 

b  Containing  about  65  per  cent  Si02,  7  per  cent  A120.{  (Fe203Ti02)  and  about  0.3  per  cent  of  zircc 
and  other  minerals  not  decomposed  by  repeated  evaporations  with  HF1  and  H2S04. 

Traces  of  Li,  Cu,  Mo,  Bi.     No  CI,  S03,  or  P205. 
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An  attempt  to  satisfactorily  distribute  the  constituents  among  differ- 
ent chemical  molecules  would  be  futile,  since,  for  instance,  we  do  not 
know  whether  to  ascribe  the  barium  to  a  biotite  or  muscovite  molecule, 
but  the  close  approach  to  the  muscovite  ratio  leaves  little  room  to 
doubt  the  character  of  the  body.  Notwithstanding-  the  chloritic  aspect 
of  the  mineral  under  the  microscope,  the  analysis  shows  that  it  can  not 
be  a  chlorite,  and  we  have  undoubtedly  to  do  with  a  body  closely 
related  to  the  mica  roscoelite,  wherein,  however,  the  percentage  pro- 
portions of  A120.{  and  V303  are  reversed,  thus  affording  a  further 
■striking  example  of  the  mutual  replaceability  of  these  two  oxides. 

For  comparison,  the  latest  analysis  of  roscoelite  from  Placerville, 
(Jal.,  is  included  in  the  above  table.  Peculiar,  though  unimportant, 
is  the  coincidence  that  the  only  two  known  localities  for  this  mineral 
should  bear  the  name  Placerville. 

II.  GREEN   SANDSTONE  COLORED   BY  CHROMIUM. 

Other  sandstones  that  were  a  much  brighter  green  than  the  vana- 
liferous  one  were  observed  and  collected  b/y  Doctor  Ransome,  both 
it  Placerville  and  60  miles  distant  in  Sinbad  Valley.  The  color  sug- 
ested  a  salt  of  copper  as  its  cause,  but  analysis  showed  it  to  be  due 
chromium.  Time  has  not  been  found  to  determine  the  nature  of 
lis  coloring  bod}^.  It  is  very  difficultly  soluble,  and  thus  presents 
reater  hindrance  to  analysis  than  did  the  vanadium  compound.  It 
vould  be  interesting  to  find  that  it  is  a  micaceous  mineral  analogous 
o  the  one  just  described.  Under  the  microscope  it  presents  a  chlo- 
itic  appearance  (Ransome).  If  opportunity  offers,  the  problem  of  its 
lature  may  }et  be  attacked. 

In  still  another  greenish  sandstone  from  the  west  bank  of  the 
)olores  River,  near  the  mouth  of  La  Sal  Creek,  analysis  failed  to 
how  either  vanadium  or  chromium. 

III.  CARNOTITE  ORES. 
OPTICAL    EXAMINATION. 

Dr.  George  P.  Merrill  has  kindly  submitted  the  following  notes: 

The  carno.tite  powder  appears  under  the  microscope  in  the  form  of  exceedingly 
inute  dust-like  particles  without  crystal  outlines  and  acting  so  faintly  on  polarized 
*ht  as  to  at  first  seem  almost  amorphous.  Much  of  the  matter  appears  merely  as 
fine  brownish  clay,  stained  yellow  by  an  amorphous  pigment,  but  occasionally  a 
ell-defined  fragment  of  a  light-yellow  translucent  mineral  is  seen,  which  doubtless 
presents  the  vanadium  compound  in  its  condition  of  ideal  purity. 
Working  over  a  considerable  amount  of  the  powder  I  have  found  occasional  clus- 

of  this  yellow  mineral  in  the  form  of  flattened  radiating  crystals  with  pyram- 
1  terminations  which  are  without  eyident  pleochroism,  polarize  only  in   dull 
lors,  and  give  extinctions  always  parallel  to  the  axis  of  elongation.     These  are  so 

ute  (not  over  0.25  mm.  in  length)  and  so  thin  that  I  have  never  been  able  to 
d  a  crystal  so  oriented  as  to  give  an  opportunity  of  determining  its  exact  char- 

r,  and  I  can  only  say  that  the  general  shape  is  such  as  to  suggest  a  hexagonal 

eral,  though  this  is  by  no  means  certain. 
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CHEMICAL   EXAMINATION   OF   CARNOTITE   ORES. 

The  chemical  problems  involved  in  the  analysis  of  the  carnotite  ores 
were  peculiarly  intricate.  Ideal  material  was  quite  unobtainable  and 
mechanical  separation  was  impossible.  The  first  specimen  received 
happened  to  be  of  higher  grade  than  any  of  the  subsequent  ones,  con- 
taining about  5  per  cent  of  sand  grains  and  showing  only  very  faint 
delicate  reddish  tracings,  indicative  of  some  foreign  iron  mineral.  In 
mass  it  was  of  a  beautiful  canary-yellow  color  and  easily  broken 
down  by  pressure.  Other  specimens  were  more  coherent,  the  degree 
depending  altogether  on  the  extent  to  which  the  sandstone  had  been 
impregnated  and  altered,  and  they  sometimes  showed  more  of  the 
peculiar  reddish  admixture. 

A  fact  only  suspected  in  making  the  first  analysis  was  confirmed  by 
subsequent  work  on  lower-grade  ores,  namely,  that  the  vanadium  existed 
in  two  conditions,  in  entirely  distinct  minerals,  the  greater  part  b}^  far 
as  pentavalent  vanadium  in  the  easily  soluble  carnotite,  and  a  smaller, 
much  less  soluble  portion,  almost  vanishing  in  the  purest  ores,  in  the 
trivalent  state  as  a  constituent  of  a  silicate  free  from  uranium.  This 
observation  explained  the  statement  of  Messrs.  Poulot  and  Voilleque' 
that  they  had  found  the  low-grade  ores  relatively  richer  in  vanadium,, 
as  compared  with  uranium,  than  the  high-grade  ores. 

While  the  carnotite  dissolves  at  once  in  cold  dilute  nitric  acid,, 
unfortunately  the  vanadiferous  silicate  is  not  quite  insoluble,  hencet) 
arose  an  important  difficulty  in  the  way  of  arriving  at  the  true  com-] 
position  of  the  carnotite.  It  is  true  that  in  one  case  the  silicate  has] 
been  analyzed  (p.  30),  but  it  would  be  unsafe  to  correct  the  carnotite* 
analysis  on  that  basis.  Moreover,  the  analyses  were  not  all  made  oe| 
the  same  plan;  some  are  less  complete  than  others;  they  can  not  icfi 
some  respects  be  rigidly  compared  with  one  another. 

As  to  the  carrying  out  of   the  analysis,  various  procedures  werei 
tried  and  no  one  was  found  which  gave  altogether  satisfactory  resultfl  j| 
as  to  each  constituent,  though  many  could  be  determined  with  th<i< 
usual  degree  of  accuracy.     The  difficulty  was  due  mainly  to  vanadiuni 
and  the  small  amount  of  phosphoric  acid  usually  present.     These  twc\ 
constituents  were  likely  to  be  found  in  different  precipitates  and  could 
not  be  separated  from  them  at  one  stroke.     Their  complete  remova  j 
from  other  bodies  was  at  times  impossible,  and  the  weight  of  the  latte 
had  then  to  be  corrected  for  these  residual  amounts. 

Two  entirely  different  lines  of   attack  were  open.     One,  that  o 
Friedel  and  Cumenge,   described   in  their   paper  on  carnotite,   ha 
alread}^  been  used  with  apparent  success.     It  depends  on  renderin 
the  vanadium  insoluble  in  water  by  evaporating  the  nitric  acid  soli  i 
tion  to  dryness.     Water  extracts  the  alkalies  and  uranium  withoi  I 
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dissolving  the  vanadium,  iron,  or  aluminum.     Repetition  of  this  proc 
ess  yielded  Friedel  and  Cumenge  satisfactory  results.     They  recom- 
mended washing  with  water  containing  ammonium  nitrate. 

The  other  method  involved  the  quantitative  removal  of  vanadium  by 
dry  hydrochloric  acid  gas  in  the  manner  already  described  (pp.  18-19). 
Smith  and  Hibbs  had  shown  that  this  method  is  perfect  for  alkaline 
pyrovanadates  and  it  was  hoped  that  it  might  succeed  even  with  such 
complex  mixtures  as  those  under  consideration.  The  distillations  were 
made  on  the  crude  ore  and  also  on  the  nitric  acid  solution  after  filtra- 
tion from  the  insoluble  matter  and  evaporation  to  thorough  dryness. 
The  action  is  immediate  in  the  cold,  copious  red-brown  vapors  coming 
off  and  condensing  in  part  as  a  dark  red  liquid  in  the  tube.  But 
repeated  distillations  and  the  application  of  heat  were  required  to 
effect  complete  removal  of  the  vanadium  accompanied  by  the  arsenic 
and  molybdenum.  After  each  distillation  the  contents  of  the  boat  had 
to  be  evaporated  with  nitric  acid.  The  blue  and  green  colorations 
apparent  on  adding  this  acid  showed  that  the  hydrochloric  acid  gas 
had  reduced  a  good  deal  of  the  vanadium  to  a  lower  state  of  valence, 
and  in  this  condition  it  was  incapable  of  forming  the  volatile  body. 

A  somewhat  more  satisfactory  separation  sometimes  resulted  when 
this  distillation  method  was  combined  with  that  of  Friedel  and  Cumenge 
by  subjecting  both  the  evaporated  uranium  nitrate  solution  and  the 
residue  insoluble  in  water  to  the  action  of  hydrochloric  acid  gas. 

The  distillates  obtained  by  either  way  were  evaporated  with  sulphuric 
acid,  the  arsenic  and  molybdenum  were  separated  by  hydrogen  sul- 
phide, and  the  vanadium  was  then  titrated  by  permanganate  at  a  tem- 
perature near  boiling  and  again  after  reduction  by  sulphur  dioxide 
gas.  In  one  or  two  cases  when  the  temperature  of  distillation  had 
been  high  and  it  was  feared  some  iron  had  passed  over,  the  distillates 
were  evaporated  in  porcelain  with  nitric  acid,  transferred  to  a  platinum 
crucible,  evaporated  therein  with  sulphuric  acid,  and  fused  with  sodium 
carbonate.  The  aqueous  extract  was  then  treated  as  above  for  arsenic, 
molybdenum,  and  vanadium. 

The  mode  of  separation  practiced  by  Friedel  and  Cumenge,  while 
perhaps  adequate  for  technical  purposes  in  ores  free  from  phosphorus,'' 
ioes  not  in  my  hands  give  perfect  satisfaction  even  then.  It  is  impos- 
sible to  prevent  a  little  of  the  vanadium,  also  of  the  iron  and  alumi- 
lum,  from  going  with  the  uranium,  and  on  the  other  hand  a  little 
aranium  may  stay  with  the  vanadium.     Again   when  the  vanadic  acid 

«With  even  only  half  a  per  cent  of  P205  many  times  that  amount  of  U03  is  rendered  insoluble  in 

water  after  evaporation  to  dryness  with  nitric  acid.    The  compound  formed  is  of  a  lemon-yellow  color, 

Lvhich  is  masked  by  the  separated  vanadic  acid  until  tliis  lias  been   removed  by  ammonia.    This 

insoluble  body  was  treated  as  follows  in  order  to  arrive  al  (lie  P206  and  U03  il  contained.     After 

Iblution  in   nitrite  acid  the  phosphorus  was  precipitated   by  ammonium  molybdate,  and  from  tbe 

■nitrate  the  uranium  by  three  precipitations  by  ammonia. 
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is  extracted  from  the  residue  by  ammonia,  as  prescribed  by  Friedel 
and  Cumenge,  a  little  of  the  other  constituents  of  the  residue  accom- 
pany the  vanadium  into  solution. 

If  the  combination  of  the  two  methods  is  used,  it  is  better,  after  the 
vanadium  has  been  removed  by  distillation,  to  treat  the  two  residues 
separately  at  first  instead  of  to  unite  them  at  once.  Full  details  of 
this  treatment  are  unnecessary  and  would  unduly  extend  this  paper. 
Suffice  it  to  say  that  from  the  uranium  portion  the  little  iron  and 
aluminum  present  are  separated  b}^  ammonium  sulphide  and  carbon- 
ate, and  after  removal  of  the  latter  and  acidification  the  uranium  can 
be  thrown  down  by  ammonium  sulphide,  and  then  by  at  least  two 
precipitations  by  ammonia,  or  far  better,  by  precipitating  the  neutral 
hydrochloric  solution  by  freshly  precipitated  and  alkali-free  mercuric 
oxide  at  boiling-  heat,  as  prescribed  by  Alibegoff/'  As  pointed  out  by 
von  Foullon  and  also  by  Alibegoff,  contrary  to  certain  still  widely  dis-j 
seminated  statements,  ammonium  sulphide  does  not  afford  a  good  sepa-i 
ration  of  uranium  from  calcium.  This  is  perhaps  especially  true  if  the 
solution  contains  any  phosphorus.  Again,  contrary  to  another  state- 
ment, it  seems  perfectly  possible  to  separate  uranium  completely* 
from  alkalies  by  a  few  ammonia  precipitations. 

The  finally  ignited  and  weighed  U308  was  redissolved  in  nitric  acid, 
filtered,  if  necessary  (Si02,  A1203,  Fe203),  and  divided  into  two  parts,] 
one  of  which  was  tested  for  the  very  little  P205  usually  present,  and) 
the  other  for  vanadium  by  conversion  into  sulphate,  reduction  by  sul- 
phur dioxide  gas,  and  titration  by  very  dilute  permanganate  solution. 

ANALYSES    OF   CARNOTITE   ORES. 

I.  Copper  Prince  claim,  Roc  Creek,  Montrose  County,  Colo. 
According  to  the  donor  of  the  specimen,  Mr.  J.  R.  Duling,  l-a  is 

from  the  same  lot  as  that  from  which  Mr.  Poulot  obtained  the  speci-j 
mens  afterwards  analyzed  by  Friedel  and  Cumenge. 

II.  Yellow  Boy  claim,  La  Sal  Creek,  Montrose  County,  Colo. 

III.  Yellow  Bird  claim,  La  Sal  Creek,  Montrose  County,  Colo. 
The  last  two  claims  belong  to  the  same  group  and  the  ore  is  from 

the  same  "blanket"  (Voilleque). 

\-b  and  II-&,  the  first  analyses  made,  are  not  strictly  comparable 
with  the  other  analyses,  since  they  represent  the  effect  of  warm  dilute 
hydrochloric  acid,  whose  greater  action  is  shown  by  the  nearly  com- 
plete solution  of  the  ferruginous  admixture.  Cold,  dilute  nitric  acidl 
was  used  for  the  other  analyses. 

a  Ann.  Chein.  u.  Phar.,  vol.  233,  1886,  p.  133;  Zeit  fur  anal.  Cliemie,  vol.  26,  1887,  p.  632. 
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[nsoluble. 
U03 

V7205 

P,0R 


A1A 
Fe2Oa 
CM).. 
3rO.. 


BaO 
MgO 


Na20 

LU> 

320  at  105°  . . . 
320  at  350°  . . . 
i20  above  350°. 

bO 

uO 

fOa 

£o03 

!i02 

i02 

02 


«7.10 

54.89 

18.49 

.80 

trace 

.09 

.21 

3.34 

.02 

.90 

.22 

6.52 

.14 

trace 

2.43 

2.11 

none 

.13 

.15 

none 

.18 

.15 

.03 

.56 


98.46 


&8.34 

52.  25 

18.35 

.35 

.25 

(?) 
1.77 

2.85 

(?) 

.72 

.20 

6.73 

.09 

(?) 

2.59 

3.06 

none 

.25 

.20 

.12 

.23 

.06 

.10 

.33 


98.84 


c  19.  00 

47.42 

15.76 

.40 

none 

.08 

.72 

57 


2. 
(?) 


(?) 

1.85 

2.79 

none 

.18 

.22 

.18 

.18 

.13 

(?) 
none 


99.01 


11 


10.33 
54.  00 
18.05 

.05 
none 

.29 

.42 
1.86 
trace 
2.83 

.14 
5.46 

.13 
trace 
3.16 
2.21 
none 

.07 
trace 
none 

.05 

.20 

(?) 
none 


99.  25 


(0 

52.28 
17.50 
trace 
none 

(?) 
3.  36 
1.85 

trace 
3.21 

.17 
5. 11 

.02? 

(?) 

4.52 

3.49 


(-0 
20.51 
7.20 
none 
none 
.08? 
.25 
1.64 

(?) 
.29 
.07 

1.51 
.01 

(?) 

1.85 
9-1.64 

h .  19 
.09 

trace 

none 
.04 
.07 
.06? 


a  Containing  0.54  H»0,  0.09  V0O3. 

&The  insoluble  matter  had  "the  following  composition:  SiOo,  5.18;  Vo03,  0.21;  P205,  0.09;  K»0,  0.26; 

a20,  0.04;  H20,  105°,  0.56,  350°,  0.32,  +350°,  0.48;  A1203>  Ti02,  Cr203,  etc.,  by  diff.,  1.20.    The  SO3  of  this 

e  is  not  combined  with  BaO,  for  it  is  wholly  extracted  by  dilute  acids.    Once  in  solution  the  acid 

>ed  is  sufficient  to  prevent  its  immediate  precipitation  as  BaS04  by  union  with  some  of  the  barium 

•esent.    The  same  holds  true  for  the  S03  of  I-c. 

cThis  material  was  obtained  by  floating  off  the  finer  matter,  allowing  it  to  settle,  collecting  on  a 

x>ch  filter,  and  drying  it  in  a  current  of  air  drawn  through  the  crucible.    The  insoluble  matter  held 

addition  to  16.41  quartz  and  silicates  (including  0.39  V«03  and  a  little  U03),  H20,  105°,  0.83;  300°, 
73;  +300°,  1.03;  total  H.,<>,  2.59. 

Containing  0.10  V.,()3  and  1.90  H20. 
eThe  insoluble  matter  contained  besides  quartz  and  silicates:  0.25  V203,  0.21  K20,  0.05  Na20. 
/"This  analysis  was  made  purposely  on  a  relatively  poor  ore,  furnished  by  Messrs.  Poulot  and  Voille- 

6,  with  the  object  of  determining,  if  possible,  the  composition  of  the  vanadiferous  silicate  which 
contained  (see  p.  30).    The  data  for  calculating  the  H20  values  of  both  analyses  are  as  follows: 


Ore. 

After  extrac- 
tion of  carno- 
tite  by  cold, 
dilute  nitric; 
acid. 

After  extrac- 
tion of  resi- 
due by  hot 
nitric  acid, 
sodium  car- 
bonate, etc. 

Oat  105° 

(a) 
3.53 
2.11 

.83 

(6) 
1.68 
.47 
.64 

(c) 

0.02 

■O  at  300° 

.03 

■0  above  300° 

.02 

6.47 

2.79 

.07 

furnishes  the  values  for  the  carnotite  as  shown  in  analysis  III;  b-c  gives  those  for  the  less  sol- 
fe  silicate  (p.  30). 
At  300°. 
Above  300°. 
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DISCUSSION    OF   THE    CARNOTITE    ANALYSES. 

It  will  be  noted  that  a  somewhat  marked  deficiency  appears  in  most 
of  the  analyses,  the  cause  of  which  is  quite  unknown.  Great  care  was 
exercised  in  most  cases  and  especially  in  those  which  show  the  greatest 
loss.  It  seems  hardly  possible  that  any  serious  constant  loss  of  a 
known  constituent  should  have  occurred,  but  the  only  alternative 
demands  the  presence  of  an  element  or  elements  unnoticed  and  which 
can  not  have  been  weighed  with  the  known  constituents.  The 
researches  of  M.  and  Mme.  Curie  have  shown  that  these  ores  contain 
traces  of  radio-active  elements,  precipitated  the  one  b}^  hydrogen 
sulphide,  the  other  by  sulphuric  acid.  Their  presence,  however,  in 
quantity  sufficient  to  account  for  the  observed  losses  in  the  above 
analyses,  especially  when  10  grams  of  ore  were  operated  on,  could  not 
possibly  have  escaped  observation.  To  whatever  cause  it  may  be  due," 
this  loss  alone  suffices  to  render  somewhat  uncertain  any  calculations 
based  on  the  analytical  figures,  though  if  the  loss  is  to  be  ascribed  to 
uranium  or  vanadium  the  ratios  would  not  be  sufficiently  affected  tq 
obscure  any  simple  relations  that  might  exist. a 

Another  difficulty  is  the  impossibility  of  knowing  what  constituents 
to  exclude  and  what  to  include  in  deducing  molecular  ratios.  It  is 
certain  that  most  if  not  all  of  the  iron  is  foreign  to  the  yellow  body. 
It  is  probable  that  phosphorus  is  likewise  so,  since  its  extraction  bfl 
dilute  acids  does  not  keep  pace  with  that  of  the  uranium  and  vanadium. 
It  may  possibly  be  in.  combination  with  the  iron,  in  part  at  least.  Thek 
alumina  doubtless  is  derived  from  the  vanadiferous  silicate  which 
seems  to  exist  in  all  the  ores  and  which  is  not  quite  insoluble  in  coldi 
dilute  acids.  If  so,  a  small  portion  of  the  vanadium,  potassium,  mag- 
nesium, and  water  are  to  be  attributed  to  this  mineral,  but  a  general  I 
correction  based  on  the  analysis  of  this  compound  (see  p.  30)  would 
not  be  justifiable.  Its  application  leads  to  nothing  definite,  even  ir 
the  case  of  the  particular  ore  No.  Ill,  from  which  the  silicate  analyzed  j 
was  derived. 

In  the  following  tables  are  given  first  the  recalculated  analyses  anc  j 
then  the  molecular  ratios.  All  those  constituents  have  been  excludeoj 
which  pretty  certainly  do  not  belong  to  the  carnotite,  but  small  portion.1 
of  some  of  those  retained  are  unquestionably  extraneous.  In  two  case,1  J 
(1-a  and  I-b)  a  certain  proportion  of  lime  has  been  arbitrarily  exclude(  j 
equivalent  to  the  acid  anhydrides  C02,  Mo03,  and  S03,  less  what  it 
needed  to  offset  PbO  and  CuO. 

"According  to  Dr.  Harry  C.  Jones,  of  Johns  Hopkins  University,  who  very  kindly  undertook!  II 
examine  a  specimen  of  the  Copper  Prince  ore  for  rare  gaseous  elements,  helium  is  not  presen 
Faint  hydrogen  lines  were  observed,  the  source  of  which  was  ascribed  to  water  vapor.    Other  line: 
due  probably  to  hydrocarbons,  were  fairly  strong,  but  the  specimen  had  been  long  enough  expose 
in  our  laboratory  and  elsewhere  to  have  accumulated  enough  dust  to  account  for  them. 
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i-o. 


20.72 
.90 


61.  53 
3.03 
1.03 

.25 
7.31 

.15 
2.72 
2.36 


100. 00 


l-b. 


21.  09 

.40 

.29 

60.06 

2.77 
.  83 
.  23 

7.  73 
.10 

2.98 

3.52 


100.00 


I-c. 


20.12 
.51 


II-a. 


20.54 
.06 


1Q0.  00 


60.  55 

ill.  II 

3.  28 

2.  11 

.  83 

:;.  22 

.31 

.16 

8.39 

6.  21 

.09 

.15 

2.36 

3.  59 

3.56 

2.52 

100.  00 


IT-6. 


19.  85 


20.62 


59.31 

2.  10 

3.64 

.  19 
5.  80 

.02 
5.13 
3.96 


100.  00 


58.  75 

4.  70 

.  83 

.20 

4.  33 
.03 

5.  30 
5.24 


100.  00 


MOLECULAR   RATIOS. 


11241 

4 

1128 

2136 

3771 

210 

■  627 

40. 

659^ 
)■  692 
33/ 

1994 

1400 

1081 


1128 


2062J  2043 

375 1  f  8391 

238 1  660       54  \  943 


47J 

616^ 
J  620 

2850 
2200 


50  J 

460 1 

6/ 


466 

2944 
2911 


These  ratios  lead  to.  the  following  empirical  formulas,  in  which  only 
he  water  given  oil'  above  105°  is  considered.  Since  the  water  is 
vholly  removable  below  350°  it  is  regarded  as  water  of  crystallization 
md  not  of  constitution. 


R'. 

R". 

Rv. 

U. 

0. 

ll,<>. 

-a 

1618 
1696 
1822 
1384 
1240 
932 

671 
606 
718 
627 
660 
943 

2392 
2496 
2274 
2256 
2162 
2256 

2140 
2088 
2105 
2136 
2062 
2043 

13880 
13958 
13629 
L3367 
12871 
13178 

1311 

-6 

-c 

1956 
L978 

l-a 

1400 

1-6 

2200 

II 

2911 
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If  it  be  assumed  that  the  bivalent  elements  offer  the  most  accurate 
determinations,  the  above  ratios  may  be  reduced  to  the  following 
simpler  terms  on  that  basis: 


l-a  . 
l-b  . 
l-c  . 
ll-a 
ll-b 
III  . 


R'. 

R". 

2.41 

1 

2.80 

1 

2.  54 

1 

2.  21 

1 

1.88 

1 

.99 

1 

3.56 
4.12 
3.17 
3.60 
3.27 
2.39 


u. 

0. 

3.19 

20.68 

3.  45 

23.  03 

2.93 

18.98 

3.  41 

21.  32 

3.12 

19.50 

2.16 

13.98 

HoO. 


1.95 

:;.  23 

2.75 
2.23 
3.  33 
3.09 


The  results,  however,  show  a  great  lack  of  agreement  and  wide 
variation.     It  is  plain  that  no  probable  formula  can  be  calculated  fori 
the  yellow  body.     The  variations  are  of  such  a  nature  as  to  indicate 
in  the  plainest  manner  that  it  is  a  mixture  of  several  substances. 

So  detailed  a  discussion  as  the  foregoing  would  hardly  have  been  i 
justified,  in  view  of  the  negative  conclusions  arrived  at,  but  for  thej; 
fact  that  Messrs.  Friedel  and  Cumenge  in  their  paper  announced  at 
simple  formula  for  the  body  examined  by  them  and  gave  it  the  specific;1 
name  carnotite.     Their  published  analyses  are  as  given  below,  from 
which  they  have  excluded  considerable  sand  and  traces  of  barium, 
aluminum,  lead,  copper,  and  radio-active  bodies  as  present  in  excess-] 
ively  small  quantities.     They  make  no  mention  of  calcium  and  admit 
that  their  values  for  water  are  open  to  doubt.     The  formula  deduced 
by  them  is  2U8Os,°  V205,  K ,0,  3H20. 


Found. 

Calculated,! 

1. 

2. 

3. 

4. 

Uo<v 

64.70 
20.31 
10.97 

62.46 
19.  95 
11.09 

63.  54 

20.  12 

10.  37 

5.  95 

v2o5 

K20 

H20 

5.29 

4.81 

Fe90, 

.96 

.65 

99.  98 

T4-  nw~^„n 

a  Old  n< 

)tation,  equiv 

alent  to  the  i 

Qodern  U03. 

i  ~„a  n„* 

great  good  fortune  obtained  a  variety  of  samples  of  the  pure  potassium  ! 
compound,  free  from  calcium  and  without  appreciable  admixture  of 
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barium.  This  is  very  remarkable  in  view  of  the  fact  that  all  the  ores 
Prom  different  localities,  examined  by  me  show  large  admixture  of 
calcium  or  barium  salts  or  both,  even  that  which  is  certified  to  have 
jome  from  the  same  lot  as  that  from  which  their  material  was  taken, 
rhe  French  authors  give  a  brief  outline  of  their  methods  of  analysis, 
rttat  one  which  afforded  them  the  best  results  would  involve  the 
weighing  of  any  calcium  present  as  sulphate  along  with  the  potassium, 
3n  the  assumption  that  the  presence  of  that  element  had  been  over- 
looked. It  is  much  to  be  desired  that  a  reanalysis  of  their  material 
should  be  made,  if  there  is  any  of  it  still  available,  in  order  to  clear 
up  the  doubt  connected  with  the  first  analysis. 

In  the  light  of  the  evidence  herein  set  forth,  the  existence  of  a  dis- 
tinct mineral  species  having  the  composition  claimed  for  carnotite  can 
by  no  means  be  considered  as  established. 

AVERAGE    QUALITY    OF    MARKETED    ORE. 

As  these  carnotite  ore  bodies  are  being  exploited  for  the  market,  it 
s  of  some  interest  to  know  the  average  quality  of  each  commercial 
ot.  A  carefully  prepared  sample  representing  several  tons  of  ore  was 
•eceived  from  one  of  the  commercial  houses  of  Denver  and  was  found 
o  carry  11.49  per  cent  of  uranium  counted  as  U308,  and  6.40  per  cent 
>f  vanadium  counted  as  V205.  Over  one-sixth  of  the  vanadium  existed, 
lowever,  in  the  trivalent  state,  not  as  a  constituent  of  the  yellow  body, 
>ut  doubtless  of  a  silicate  like  the  one  whose  composition  is  given  on 
>age  30. 

COMMERCIAL    ASSAY. 

The  commercial  assay  of  these  ores  has  presented  difficulties  to  the 
echnical  chemist,  the  results  being  sometimes  very  discordant. 

As  to  uranium,  this  is  not  surprising.  The  methods  that  have  prob- 
bly  been  commonly  employed  will  give  varying  results,  according  to 
le  contents  of  the  ore  in  phosphorus  and  alkaline  earths.  Possibly 
le  old  Patera  process,  described  in  most  text-books  on  analytical 
hemistry,  might  be  made  to  serve,  with  modifications  called  for  by 
le  large  amount  of  vanadium  present. 

The  assay  for  vanadium  presents  little  difficulty  and  does  not  require 
mch  time.  The  ore  is  fused  with  sodium  carbonate,  leached  with 
ater,  and  the  fusion  repeated  on  the  residue.  The  combined  filtrates 
re  acidified  by  sulphuric  acid,  arsenic  and  molybdenum  are  precipi- 
^ted  in  the  hot  solution  by  hydrogen  sulphide,  whereby  the  V206  is 
iduced  to  V204.  After  filtration  and  expulsion  of  hydrogen  sulphide 
y  boiling,  the  vanadium  is  titrated  in  hot  solution  by  permanganate. 
;  is  then  reduced  by  sulphur  dioxide  gas,  and  after  boiling  this  out 
le  titration  is  repeated.  The  results  are  exact,  and  they  are  not 
lected  by  the  uranium  that  may  be  present. 
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IV.  COMPOSITION   OF   VANADIFEROUS    SILICATE   IN   CARNOTITE 

ORE. 

As  already  mentioned,  the  ores  contain  a  vanadiferous  silicate  free 
from  uranium.  To  the  end  of  ascertaining  its  composition,  if  possible, 
ore  No.  Ill  (p.  25),  from  the  Yellow  Bird  claim,  low  in  carnotite,  but 
relatively  rich  in  vanadium,  was  treated  as  follows: 

The  carnotite  from  10  grams  was  extracted  by  cold,  dilute  nitric  acid, 
and  the  well-washed  residue,  consisting  of  coarse  sand  and  an  utterly 
amorphous  mud,  by  4  per  cent  sodium  carbonate  solution  to  get  rid  of 
the  small  amount  of  silica  presumably  set  free,  but  not  dissolved  by  the 
acid.  This  amounted  to  0.35  per  cent  in  duplicate  determinations,  and 
together  with  0.06  per  cent  in  the  acid  solution,  or  0.41  per  cent  in  all, 
may  serve  as  a  maximum  figure  by  which  to  gage  the  action  of  the 
cold  acid  on  the  silicate  or  silicates  in  the  ore.  The  residue  was  then 
digested  for  several  hours  with  warm  nitric  acid  of  about  1.2  specific 
gravity  until,  as  shown  by  a  companion  test,  its  action  had  ceased.  It 
was  then  filtered,  washed,  and  digested  with  5  per  cent  sodium  car- 
bonate solution  to  dissolve  the  copious  deposit  of  silica.  The  final 
residue  was  collected  in  a  Gooch  crucible,  washed  with  sodium  carf 
bonate,  followed  by  dilute  nitric  acid  to  remove  all  alkali,  then  by 
alcohol  to  prevent  turbidity  in  the  filtrate,  and  dried  by  suction  of  the* 
pump.  In  it  the  water  was  determined  at  different  temperatures;  alsc 
its  general  composition. a  From  the  sodium  carbonate  filtrate  tH 
silica  was  obtained  by  two  evaporations  and  nitrations;  also  the  trifling, 
amount  held  by  the  acid  solution.  This  latter  was  then  fully  analyzec 
and  the  complete  results  follow: 


Si02 

A1203 

VA 

Fe203 

CaO 

MgO 

K20 

Na20 

H2Oatl05oC.-.: 
H2Oat300°C.... 
H20  above  300°  C 


Per  cent  in 
ore. 


6.48 
&  2.  445 
c.965 
d .  875 
.035 
^.654 
.546 
.03 
/1.66 
/ .  44 
/.62 


14.75 


Per  cent  cal- 
culated to 
100. 


43.94 

16.58 

6.54 

5.93 

.24 

4.43 

3.70 

.20 

11.26 

2.98 

4.20 


100.00 


Ratios. 


0.  727! 
0. 1622J 
.04341  .242: 
. 0370  J 
. 0043^ 
. 1099/  ' 114 
.  0393 1 


0037/ 


.043 

.922 
.165 
.233 


«SiOo,  48.89;  AloO{,  Fe203,  zircon,  etc.,  0.44;  TiC,  0.08,  MgO,  0.01;  KoO,  0.11:  Na.,0,  0.03;  H,,0,  0.0 
total,  49.63.  & 2.45  and  2.44.  c 0.93  and  1.00.  ''0.87  and  0.88.  e 0.652  and  0.657.  /Determine 
on  a  separate  portion  of  the  same  powdered  sample.    Sec  p.  25,  footnote,  for  data. 

Also  traces  of  titanium,  manganese,  and  lithium. 
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On  the  improbable  assumption  that  the  iron  is  to  be  wholly  included, 

and   regarding  only  the  water  given  off   above  300°,  the  following- 
ratios  result: 

Ht.;?    R'g6    K'\ll    R'  '«5   ^727   Qw78J 

which  become,  if  the  iron  is  excluded, 

H±67   -K  86    R    114    R      111    ^51727   ^2462* 

These  figures,  while  strongly  suggesting  definite  ratios  between 
certain  of  the  constituents,  do  not  under  the  circumstances  warrant 
the  deduction  of  a  formula,  nor  do  they  lead  to  the  same  conclusion  as 
in  the  case  of  the  green  cementing  material  of  the  sandstone  at  Pla- 
cerville.  The  phengite-muscovite  ratio  of  that  is  not  apparent  here; 
yet  it  is  not  at  all  unlikely  that  a  mineral  like  the  one  from  Placerville 
is  present,  but  contaminated  with  some  other.  In  fact  it  would  be  sur- 
prising to  find  anything  but  a  mixture  in  sandstones  so  thoroughly 
altered.  The  very  existence  of  such  vanadiferous  transition  products 
is  itself  highly  interesting,  and  these  tedious  analyses  were  not  there- 
fore made  in  vain.  The  mud-like  amorphous  character  of  this  material 
precludes  any  hope  of  aid  from  the  microscope  in  solving  the  question 
of  its  homogeneity. 

SUMMARY. 

The  body  called  carnotite  is  probably  a  mixture  of  minerals,  the 
exact  nature  of  which  analysis  fails  to  reveal.  Instead  of  being  the 
pure  uranyl-potassium  vanadate,  it  is  to  a  large  extent  made  up  of 
calcium  and  barium  compounds.  Intimately  mixed  with  and  entirely 
obscured  bj^  it  is  an  amorphous  substance — a  silicate  or  mixture  of 
silicates — containing  vanadium  in  the  trivalent  state  probably  replac- 
ing aluminum. 

The  deposits  of  carnotite,  though  distributed  over  a  wide  area  of 
country,  are  for  the  most  part,  if  not  altogether,  very  superficial  in 
character  and  of  recent  origin. 

The  green  coloring  and  cementing  material  of  certain  sandstones 
near  Placerville,  Colo.,  is  a  cryptocrystalline  alumino-vanadio-potas- 
sium  silicate  resembling  roscoelite,  but  with  the  percentage  propor- 
tions of  A1303  and  V203  reversed.  It  constitutes  over  25  per  cent  of 
portions  of  the  sandstone,  and  contains  nearly  13  per  cent  of  V203,  the 
atter  amounting  in  the  maximum  case  observed  to  3.5  per  cent  of  the 
sandstone. 

As  yet  (1900)  these  highly  vanadiferous  sandstones  have  been  found 
)nly  at  Placerville,  where  it  is  intended  to  work  them  for  vanadium. 
Carnotite  is  associated  with  them  in  only  trifling  amount. 

Other  sandstones  noticed  owe  their  bright  green  color  to  chromium. 

In  yet  another  case  where  the  color  was  dull  green  this  was  not  due 
o  either  chromium  or  vanadium. 


SOME  ADDITIONS  TO  THE  ALUNITE-JAROSITE  GROUP  OF 

MINERALS. 


By  W.  F.  Hillebrand  and  S.  L.  Penfield. 


Two  new  varieties  of  jarosite  will  be  described  in  the  present  paper. 
One  is  from  Nevada,  and  was  collected  by  Mr.  H.  W.  Turner,  of 
the  United  States  Geological  Survey,  and  sent  to  the  Survey  labora- 
tory at  Washington  for  identification;  the  other  is  from  New  Mexico, 
and  was  sent  b}^  Mr.  J.  H.  Porter,  of  Denver,  Colo.,  to  the  min 
eralogical  laboratory  of  the  Sheffield  Scientific  School.  Except  fort 
slight  differences  in  color  the  two  minerals  look  exactly  alike,  eachii 

consisting  of  minute,  isolated,  tabular  crys- 
tals, which,  as  may  be  seen  with  the  micro- 
scope, are  composed  of  combinations  of  at 
rhombohedron  with  largely  developed  basal  I 
planes.  By  chance  it  happened  that  thai 
present  writers  discovered  that  they  weraJ 
both  engaged  in  the  investigation  of  com-  ] 
pounds  belonging  evidently  to  the  same' 
group,  and  it  was  decided  to  bring  thed 
results  together  into  one  paper. 

XATROJAROSITE. 

The  material  collected  by  Mr.  Turner  wasil 
obtained  on  the  east  side  of  Soda  Springs  ! 
Valley,  Nevada,  on  the  road  from  Sodaville 
to  the  Vulcan  copper  mine.     It  consists  ol 
a  glistening   powder,  made  up  of  perfecl  \ 
crystals  having  the  habit  shown  in  fig.  1,  although  generally  only; 
one  rhombohedron,  /*,  is  present  instead  of  two,  as  shown  in  the  figure,  j 
The  largest  crystals  observed  were  0.15  mm.  wide  and   0.025   mnxn 
thick,  and  the  general  average  would  not  be  over  half  that  size.     Ir 
spite  of  their  minuteness,  however,  it  was  possible  to  measure   the » 
angles  of  the  crystals  with  the  reflection  goniometer,  the  chief  dif  j 
ficulty  arising  not  so  much  from  their  small  size  as  from  the  vicina  j 
character  of  the  basal  planes.     After  repeated  trials  a  crystal   wat  j 
32 


Fig.  1.—  Natrojarosite. 


NdpSfleld.  I        ADDITIONS    TO    THP]    ALUNITE-J AROSITE    GROUP.  33 

omul  having  a  fairly  good  basal  plane,  and  from  this  crystal  the  fol- 

>wing  angles  were  obtained: 

Calcu- 
Measured.  Measured.  lated. 

c^  r,     0001  ^1011=51  °  53'  *         c^s,    0001  ^0221  =68°  42'        08°  35' 

c^r'}   0001^1101=51    53  c^,  0001^2021=68    48         68    35 

c^r",  0001^0111=52    26  r^,  10ll^Tl01=86      5  85    54 

The  crystals  belonged  to  the  rhombohedral  division  of  the  hex- 
gonal  system,  and  the  angle  Ca?1,  51°  53',  which  is  probably  very 
early  correct,  has  been  assumed  as  fundamental,  and  from  it  the 
allowing  axial  ratio  has  been  calculated: 

0  =  1.104:. 

That  the  axial  ratio  as  given  is  very  near  the  truth  is  shown  by  the 

ict  that  the  measurements  of  c  ^  s  and  r  ^  r  do  not  vary  many  min- 

tes  from  the  calculated  values;  while  on  a  number  of  other  crystals, 

Measurement  of  the  angle  Ca/1,  though  varying  considerably,   was 

Hind  to  be  not  far  from  52°.     The  angles  of  c  ^  v  and  r  ^  r'  of  the 

rdinaiy  potassium  jarosite  are  55°  10'  and  90°  45',  respectively. 

Under  the  microscope  the  crystals  exhibit  normal  optical  properties. 

Pith  a  high-power  lens  and  convergent  light  the  thicker  ciwstals  show 

ic  dark  cross  and  the  beginnings  of  the  first  ring  of  the  interference 

pare.     The  birefringence  is  negative.     The  color  of  single  crystals, 

hen  seen  under  the  microscope  in  transmitted  light,  is  golden  yellow. 

any  of   the  crystals  show  numerous  brown  inclusions.     The  color 

town  by  a  mass  of  the  crystals  is  yelJowish  brown,  and  the  material 

istens,   owing  to   reflections  from  the  basal  planes  of  the  minute 

vstals. 

Phe  material  used  for  the  chemical  analysis  was  the  purest  that 
nld  be  obtained,  although  crystals  containing  tin4  brownish  inclu- 
>ns  just  mentioned  could  not  be  avoided,  and  there  were  occasional 
own  ferruginous  particles  mixed  with  the  crystals.  The  specific 
avity  of  the  material  was  found  to  be  3.18  at  30. 5  C.  The  results 
the  analysis  by  Hillebrand  are  as  follows: 

Ratio. 

Fe2< ):; 50.  98  0.  319  3.  29 

Xa,<>" 6.03  .004|  ,   0] 

K,<> 85  .004/ 

s<  >:, 30. 90  .  387         i.  oo 

H,( )  below  105° 12 

H20  above  105° 11.08  .01:;  6.33 

As205 20 

Si02 28 

CaO (M 

99.94 

)f  the  soda  0.22  per  cenl  is  not  extra  del  by  hoi  water  a  ft  it  full  ignition  of  the  mineral,  and  hence 
belong  to  a  feldspar  or  pome  other  foreign  mineral.  Only  5.81  percent  is  assumed  to  belong  to 
jarosite  and  used  in  deriving  the  molecular  value. 
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The  ratio  of  Fe2Oa :  Na20  :  S03 :  H20  is  evidently  3:1:4:6  as  in 
ordinary  jarosite,  where  the  alkali  is  potash  instead  of  soda.  The 
slight  excess  of  Fe2C>3  and  H20,  as  indicated  by  the  ratio,  is  evidently 
due  to  some  ferric  hydroxide;  probably  the  dark  ferruginous  impuri- 
ties seen  under  the  microscope  are  in  part  responsible  for  this,  and 
there  are  also  traces  of  some  arsenate  and  silicate  present.  By  attrib- 
uting the  excess  of  Fe203  and  H20  to  impurities,  it  is  found  that  94  pel 
cent  of  the  material  analyzed  may  be  regarded  as  pure  natrojarosite! 
as  indicated  below: 


FeA 
Na20 
K20. 
SO,.. 
H,0. 


After  deducting  impuri- 
ties. 


46.  43  or  49.39 

5.  81  or  6.18 

.  35  or  .  37 

30.  96  or  32.94 

10.  45  or  11. 12 


94.  00  or  100.  00 


Theory  for 

Na.,Fefi[OH]! 

[S04]4. 


49.  4ii 

6.  m 


32.  9£ 
11.  B 


100.  0( 


That  6  per  cent  of  impurities  should  be  present  in  a  crystalline 
powder  such  as  was  analyzed  is  not  surprising  when  it  is  taken  ink 
consideration  that  it  would  require  something  like  2,500,000  crystal:! 
to  make  one  gram  of  material,  the  estimation  being  based  on  tin 
assumption  that  the  crystals  are  0.10  mm.  in  axial  diameter  and  0.0' 
mm.  thick,  Avhich  is  certainly  above  their  average  size. 

Among  the  specimens  from  Cooks  Peak,  New  Mexico,  sent  to  th< 
Sheffield   laboratory  by  Mr.  Porter,  were   some  masses  of   a  rathe 
firmly  cemented  aggregate  of  minute  crystals  of  a  mineral  of  the  jarc 
site  group.     The  specimens  are  of  a  brownish-yellow  color,  and  hav 
in  places  the  glistening  appearance  of  a  mica-schist.     They  also  loo  > 
as  though  they  had  been  subjected  to  pressure  and  had  been  some 
what  sheared.     The  material  is  rather  easily  crushed,  and  the  powdei 
when  examined  Avith  the  microscope,  exhibits  the  proprieties  of  th? 
natrojarosite  just  described.     The  crystals  are  associated  with  a  litth 
limonite  and  quartz,  and   pure   material   for  analysis  could    not  b 
obtained.     Only  a  partial  analysis,  therefore,  was  undertaken  wit 
the  following  results: 

Fe203 55.60 

Na20 4.  49 

K20 77 

PbO 96 

S03  and  H20  were  present  but  not  determined.     The  results  are  sui 
cient  to  indicate  that  the  material  is  essentially  natrojarosite. 
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PLTJMBOJAROSITE. 

This  material  is  from  Cooks  Peak,  New  Mexico.  Jt  occurs  as  a 
listening,  crystalline  powder  and  as  loosely  cohering  masses  which 
nay  easily  be  crushed  by  pressure  between  the  lingers.  The  crystals 
ire  very  symmetrical,  and  are  exactly  like  those  of  natrojarosite  (tig. 
[},  although  generally  only  one  rhombohedron,  r,  is  present.  On  the 
iverage  the  crystals  are  a  trifle  smaller  and  noticeably  thinner  than 
hose  of  natrojarosite.  A  number  of  crystals  were  measured  on  the 
meeting  goniometer,  the  chief  difficulty  arising  rather  from  the 
ffoinal  character  of  the  faces  than  from  their  small  size.  One 
musually  large  crystal,  0.28  mm.  broad  and  0.015  mm.  thick,  was 
Inally  found,  having  the  development  shown  in  tig.  2,  which  is 
inusual,  for  generall}7  r  (10ll)  and  not  «  (0221)  is  the  prevailing  rhom- 
ohedron.  Fortunately  the  crystal  was  so  taken  up  on  a  minute  point 
f  wax  that  the  measurement  of  s^s  in  three 
hombohedral  zones  was  possible.  The  results  /C^-^^^i 
f  ti  ve  measurements  of  s  s  over  the  upper  and  x)  r  .s 
pwer  pole  edges  varied  between  109°  5'  and  Fl(i.  2.— piumbojarosite. 

09°  30',  the  average  being  109°  16';  while 

ix  measurements  over  the  middle  edges  varied  between  70°  10'  and 
L°  00',  the  average  being  70°  36'.  The  average  of  the  two  supple- 
mentary values  gives  s^s,  2201^0221=109°  20',  which  has  been 
■>sumed  as  fundamental,  and  from  it  the  following  axial  ratio  has 
een  calculated: 

c= 1.216. 

n  the  crystal  from  which  the  foregoing  measurements  were  obtained 
le  basal  plane  was  vicinal  and  hence  no  reliable  measurements  of 
could  be  had  from  it.  On  a  number  of  other  crystals,  however, 
e  angle  of  c^r  was  measured  with  varying  results,  the  variation 
suiting  from  the  uncertainty  of  the  reflections  from  the  basal  planes. 
ur  measurements  of  c^r,  which  were  recorded  in  the  notebook  as 
rived  from  the  best  reflections,  varied  between  54°  15'  and  54  14', 
e  average  being  54°  30',  while  c^r,  0001^1011,  by  calculation  from 
e  fundamental  measurement,  is  54°  32'.  Hence  it  may  be  assumed 
at  the  axial  ratio  as  established  is  reasonably  exact.  The  calculated 
lue  of  /w,  10IUT101,  is  89°  42'. 

In  polarized  light  the  crystals  exhibit  normal  optical  properties  and 
gative  birefringence.     Being  on  the  average  thinner  than  crystals  of 
Urojarosite,  it  is  seldom  that,  with  the  highest  powers  and  conver- 
\  nt  light,  even  the  beginning  of  the  first  ring  of  the  uniaxial   inter- 
irence  figure  is  visible.      Individual  crystals  show  under  (he  micro- 
ope  in  transmitted  light  a  golden-yellow  color.     A  mass  of  crystals 
s  the  appearance  of  a  glistening  dark-brown  powder,  the  color  being 
(cidedly  darker  than  that  of  natrojarosite. 
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The  analysis  of  the  mineral  was  made  on  the  very  best  material, 
having  a  specific  gravity  of  3.665  at  30°  C.  The  results  are  surprising, 
and  were  wholly  unlooked  for,  since  it  is  found  that  this  jarosite  con- 
tains lead  in  the  place,  of  alkalies.  The  results  by  Hillebrand  are  as 
follows: 


i. 

II. 

III. 

IV. 

Mean. 

Ratio. 

Fe90, 

42.36 
.12 

19.  69 

.17 

&.21 

27.  05 
.02 
9.  59 
.56 
.27 
.05 
.01 

42.38 

.08 

19.  99 

42.37 
.10 

19.84 

.  17 

h.  21 

27.  06 
.02 
9.  54 
.51 
.27 
.05 
.01 

0.  265^ 

3.  15 
.001/ 

.089     1.05 

A1A?«... 

PbO 

K.(() 

0.11 
19.  89 

19.  79 

Na./) 

SO, 

27.  07 

.  338     4.  00 

II.,()  below  105° 

11,0  above  105° 

Si02  . 

9.49 

.51 
.27 

.  530     6.  21 

.47 

CuO 

CaO  . 

MgO 

100.  15 

"The  presence  of  alumina  was  not  definitely  proved.     The  figures  here  given  are  the  difference 
between  the  several  weights  of  the  ammonia  precipitates  and  those  of  the  ferric  iron  in  them,  a  i( 
determined  by  permanganate  after  reduction  by  hydrogen  sulphide. 

£•  Probably  somewhat  high. 

The  ratio  of  Fe20:}  :  PbO  :  S03  :  H20  is  very  close  to  3  :  1  :  4  :  6 
indicating  that  the  mineral  is  a  variety  of  jarosite,  and  the  sligh 
excess  of  Fe20.?,  H20,  and  PbO  +  alkalies  may  be  accounted  for  b;i| 
assuming  that  slight  impurities  are  present,  partly  ferric  hydroxide  j 
in  part  some  lead  salt,  and  perhaps  a  soluble  silicate,  as  shown  by  th'jl 
complete  solubility  of  the  silica  in  acids.     Assuming  that  the  ratio  i  J 
exactly  3:1:4:  6,  it  is  found  that  4.36  per  cent  of  impurities  ar  > 
present,  and  the  remaining  05.64  per  cent  may  then  be  regarded  ai 
plunibojarosite,  as  follows: 

Theory  for  PbFe6 
[0H]12[S04]4. 

Fe203 40. 59  or    42.  44 

PbO 18.  86  or    19.  72 


HX) 9. 13  or      9.  55 


95.  64  or  100.  00 


Since  it  took  probably  2,500,000  crystals  of  natrojarosite  to  make 
gram  of  material,  it  certainly  must  have  taken  fully  4,000,000  to  mal* 
a  gram   of   plunibojarosite,   for  the  crystals  of   the   latter  miners 
though  somewhat  heavier,  are  decidedly  thinner  than  those  of  tH 
former;  hence  the  presence  of  4.5  per  cent  of  impurities  in  such  f| 
crystalline  product  is  not  to  be  wondered  at. 
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JAIIOSITF,  AND  ATjUNITE. 

As  may  be  seen  from  the  published  analyses  of  these  minerals,  the 
kali  metal  they  contain  is  almost  always  potassium,  though  sodium  is 
t  times  present.  The  formulas  assigned  to  the  two  minerals  are  there- 
ore  K20+3Fe2Os+4S03+6H20  and  K20  +  3A1203  -f  4S03  +  6H20, 
rhich  may  be  variously  expressed,  as  will  be  indicated  later. 

A  mineral  corresponding  to  natrojarosite  of  this  article,  though  con- 
lining  a  little  potash,  has  been  described  by  W.  P.  Headdena  from  the 
Juxton  mine,  Lawrence  County,  S.  Dak.  The  crystals  are  described 
I  scales,  consisting  of  a  combination  of  base  and  rhombohedron. 
'he  material  analyzed  was  evidently  somewhat  impure,  as  quartz 
nd  some  As205  are  reported.  As  the  As205  evidently  does  not 
elong  to  jarosite,  the  assumption  may  be  made  that  some  scorodite, 
'eAs04.2H20,  is  present,  and  the  results  of  Headden's  analysis  may 
ben  be  interpreted  as  follows: 


e203. 
a20  . 
20.. 

aO  .. 

v.. 

2o.- 

rartz 


Original 
analysis. 


46.27 

4.35 

1.47 

.39 

28.46 

10.55 

2.36 

6.10 


99.  95 


Scorodite 
and  quartz. 


1.60 


.72 
2.  36 
6.10 


10.78 


Natrojarosite. 


44.  67  or  50.  10 

4.  35  oi  4.  86 

1.47  or  1.65 

.  39  or  .  44 

28.  46  or  31.93 

9.  83  or  11.02 


Ratio. 


89.  17  or  100.  00 


3.  13 

1.04 

4.00 
6.13 


Thus,  assuming  the  presence  of  4.68  per  cent  of  scorodite  and  6.10 
quartz,  and  deducting  them,  the  remainder  agrees  very  closely  with 
itrojarosite,  giving  a  good  ratio,  very  near  3:1:4:6. 
Alunite  containing  considerable  soda  has  been  described  by  Whit- 
tn  Cross6  from  Rosita  Hills,  Colorado,  and  by  E.  H.  Hurlburt'  from 
>d  Mountain,  Colorado,  and  analyses  of  both  minerals  show  about 
ual  percentages  of  K20  and  Na20,  or  a  molecular  ratio  of 
20:Na20  =  4:  7.    The  occurrence,  therefore,  of  sodium  in  the  jarosite- 

Enite  group  is  in  accordance  with  previous  observations,  but  the 
e  is  quite  different  with  lead.  As  far  as  the  present  writers  are 
s/are,  this  is  the  first  instance  on  record  where  lead  has  been  observed 
ipmorphous  with  the  alkali  metals.  It  is  interesting  to  note  that  the 
ajinite  from  Red  Mountain,  Colorado,  occurs  as  a  crystalline  powder, 
|e  crystals  being  exactty  like  those  of  natrojarosite  and  plumbojaro- 

,  "Am.  Jour.  Sci.,  3d  ser.,  46,  1893,  p.  24;  Mbid.,  41,  1891,  p.  472.  elbid.,  48,  1894,  p.  130. 
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site,  except  that  they  are  a  trifle  smaller  and  white,  or  colorless,  wher 
seen  under  the  microscope. 

From  a  chemical  standpoint  the  most  interesting  feature  of  the  ne^ 
minerals  is  the  light  they  throw  upon  the  isomorphism  of  potassium, 
sodium,  and  lead.     Ordinarily,  even  potassium  and  sodium  are  nol 
isomorphous,  as  shown  by  the  fact  that  their  simple  salts  seldon 
crystallize  in  the  same  form.     Although  KC1  and  NaCl  both  crystal 
lize  in  cubes,  it  is  not  certain  that  both  salts  belong  to  the  same  gvo\i\ 
of  the  isometric  system.     It  has  been  shown,  for  example,  by  etching 
that  KC1  crystallizes  like  NH4C1  in  the  plagihedral  group  of  the  iso< 
metric  system,  while  the  etchings  produced  on  halite  seem  to  indicate 
that  it  crystallizes  in  the  normal  group.     Again,  at  Stassfurt,  Gen 
many,  sylvite  and  halite  both  occur  crystallized  side  b}T  side  upon  th< 
same  hand  specimen,  instead  of  mixing  as  isomorphous  molecules 
Even  in  such  complex  molecular  compounds  as  the  feldspars,  th< 
potassium  and  sodium  salts  crystallize  as  orthoclase  and  albite,  rathe 
than  as  isomorphous  mixtures.     Lastly,  potassium  has  a  strong  tend 
enc}^  to  form  alums,  which  is  not  shared  b}^  sodium.     In  contrast  U 
these  differences  in  chemical  nature,  we  have  in  the  jarosite-alunit 
group  of  minerals  not  only  the  alkali-metals,  potassium  and  sodium! 
but,  what  seems  still  more  remarkable,  lead,  playing  the  same  role  i 
the  compounds,  and  yielding  crystals  which  are  surprisingly  alike  i 
all  their  physical  properties.     The  writers  can  at  present  offer  nu 
other  reason  for  the  isomorphism  in  the  group  of  minerals  under  cor 
sideration  than  that  the  alkalies  and  lead  play  so  small  a  role,  and  th  I 
remaining  constituents  so  prominent  a  part  in  the  complex  enemies  I! 
molecules,  that  the  latter  control  or  dominate  the  ^crystallization  bl 
virtue  of  what  may  be  called  their  mass  effect. 

The  alunite  from  Red  Mountain,  described  by  Hurlburt,  was  ami 
lyzed  in  the  Sheffield  mineralogical  laboratory  under  the  direction  c  (i 
one  of  the  present  writers,  and  it   was  found  that  water  was  fir,'  I 
expelled  from  the  compound  at  a  rather  high  temperature,  thus  indtfj 
eating  that  the  mineral  contains  hydroxyl  and  no  water  of  crystallizi 
tion;  accordingly  it  was  shown  that  the  seemingly  complex  formu 
of  the  mineral,  expressed  by  the  ration  A1203 :  K20  :  S03 :  H20  =  3:1 
4:6,  maybe  much  simplified  to  K[Al(OH)2]3[SOJ2.     In  the  light  < 
the  present  investigation  it  now  seems  best   to  abandon  the  abo^  i 
simple  formula  and  adopt  one  containing  double  the  number  of  atom 
in  order  to  make  clear  the  isomorphism  between  K2,  Na2,  and  PI  J 
The  formulas  of  the  minerals  of  the  group  would  then  be  express* 
as  follows: 

Alunite K2[A1(0H)2]6[S04]4   or  K2A16[0H]12[S04]4 

Natroalunite Na2[Al(OH)2]6[S04]4  or  Na2Al6[OH]12[S04] 

Jarosite K2[Fe(OH)2]6[SOJ4  or  K2Fe6[OH]12[SOJ4 

Natrojarosite Na2[Fe(OH)2]c[S04]4  or  Na2Fe6[OH]12[S04] 

Plumbojarosite Pb[Fe(OH)2]f)[S04l4  or  Pl)Fe,[OH]12[S04], 
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In  the  case  of  the  lead  compound  one  atom  of  lead,  and  in  the  others 
two  atoms  of  either  potassium  or  sodium,  are  combined  in  complex 
molecules  containing  fifty  other  atoms,  hence  that  the  complex  of 
fifty  atoms,  to  the  right  of  the  K2,  Na2  and  Pb  in  the  foregoing  formu- 
las, should  control  or  dominate  crystallization  by  virtue  of  mass  effect, 
and  condition  an  isomorphism  between  such  unlike  elements  as  sodium, 
potassium,  and  lead  is  not  so  surprising  as  would  at  first  appear. 

Having  adopted  the  double  formulas,  as  given  above,  there  are 
numerous  ways  of  writing  developed  formulas,  of  which  the  following 
are  perhaps  the  simplest  and  most  satisfactory: 


™>Fe-0 

h8>f*-° 

ig>Fe-0 


O 

o 


s 


o 
o 


S— O-Pb— O— s 

\  / 

o         /0 

o  =  s  =  o 


,°-Fe<OH 
-0-Fe<OH 

0-Fe<8^ 


Hg>Fe_0     ?     0_Fe<OH 


HO>Fe-0 


o    o 


() 


o^ 


S— OK    K-O— S 


^0-Fe<§g 


o  o 


H0^Fe      OS 

HO>ie-0-S 


O 

O 


0 


Fe< 


OH 
OH 


It  is  interesting  to  note  that  although  K2,  Na2  and  Pb  play  so  small 
a  role  in  the  al unite- jarosite  molecules,  the  substitution  of  Na2  for  K2 
is  attended  by  a  marked  variation  in  the  angles  of  the  crystals, 
greater,  in  fact,  than  is  generally  observed  in  isomorphous  replace- 
ments. That  alunite  and  jarosite  containing  potash  would  be  nearly 
alike  in  their  angles  is  expected,  since  crystals  of  corundum  and 
hematite  are  surprisingly  alike,  as  shown  by  the  following  comparison: 


Corundum,  A1203 
Hematite,  Fe203.. 


Axial 
length. 


1.  3630 
1. 3656 


93  56 

94  00 


57     34 
57     37 
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The  relations  of  the  minerals  of  the  alunite-jarosite  group  are  as 
follows: 


Alunite 

Jarosite 

Natrojarosite  . . 
Plumbojarosite 


Axial 
length. 

r  ^  '■' 

C    yy    r 

o             / 

O                 1 

1.252 

90     50 

55     19| 

1.  245 

90     45 

55     16 

1.104 

85     54 

51     53 

1.216 

89     42 

54     32 

Birefringence. 


Positive. 
Negative. 

Do. 

Do. 


From  the  foregoing  table  it  is  seen  that  the  substitution  of  sodium 
for  potassium  in  jarosite  has  brought  about  greater  variation  in  the 
angles  of  the  ciystals  than  the  substitution  of  the  bivalent  metal  lead 
for  potassium. 

The  three  minerals,  natrojarosite,  plumbojarosite,  and  the  Na-K- 
alunite  from  Red  Mountain,  are  very  interesting  when  studied  togothei 
as  microscopic  mounts,  the  crystals  being  practically  alike  in  size  and 
development,  and  illustrating  very  beautifully  on  the  one  hand  the 
isomorphism  of  aluminum  and  iron,  on  the  other  the  isomorphism  oj 
potassium,  sodium,  and  lead:  The  three  substances  must  have  formec 
under  like  conditions,  and  it  is  believed  that  they  are  solfataric  prod 
ucts,  formed  under  the  combined  action  of  heat  and  pressure.  Beici 
difficultly  soluble,  the\^  have  formed,  like  many  precipitates,  as  find 
crystalline  powders. 

The  three  products  just  mentioned,  when  heated  in  closed  tubes 
behave  alike;  the}7  suffer  no  change  on  gentle  heating,  but  when  th 
temperature  is  sufficiently  high  to  decompose  the  chemical  molecules 
the  crystals  break  up  into  fine  powder  or  dust,  which  is  carried  alonji' 
by  the  escaping  vapors  and  deposited  for  a  considerable  distance  alon] 
the  sides  of  the  tubes.     In  addition  to  water,  SOa  and  S03  are  copi 
ously  given  off  during  decomposition.     In  the  case  of  natrojarosite  <! 
and  the  same  would  doubtless  hold  true  for  the  Na-K-alunite,  it  i ) 
found  that  after  ignition  one-fourth  of  the  sulphate  radicle  has  bee  | 
retained  by  the  alkali  metal,  and  may  be  extracted  by  water.     In  th  I 
case  of  plumbojarosite,  however,  all  of  the  sulphate  radicle  is  expelle  lj 
by  ignition,  doubtless  because  the  ferric-oxide  present  serves  to  decon  j 
pose  any  lead  sulphate  which  might  have  a  tendency  to  form.     Angle  | 
site,  PbS04,  when  heated  alone  in  a  closed  tube  suffers  no  decompos 
tion,  but  when  finely  triturated  with  limonite  and  heated,  acid  watc 
is  given  off.     Finely  powdered  natrojarosite  and  plumbojarosite  ai 
slowly  but  completely  soluble  in  boiling  hydrochloric  acid.     Plumbc 
jarosite  when  fused  with  sodium  carbonate  on  charcoal  yields  globuk-j 
of  lead  and  a  coating"  of  lead  oxide. 
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It  has  seemed  to  the  writers  best  to  designate  the  new  compounds 
described  in  this  article  as  natrojarosite  and  plumbojarosite,  the  names 
signifying  their  relation  to  a  well-known  species.  Other  members  of 
this  group  will  doubtless  be  found,  and  the  name  " natroalunite "  might 
be  employed  to  designate  the  two  varieties  of  alunite  from  Colorado 
mentioned  on  page  37,  where  the  prpportion  of  the  soda  to  the  potash 
molecule  is  7  :  4.  It  is  highly  probable  that  a  series  of  alunite-jarosite 
compounds  could  be  made  artificially. 

It  is  with  pleasure  that  the  writers  acknowledge  their  indebtedness 
to  Messrs.  Turner  and  Porter  for  calling  attention  to  the  interesting 
compounds  described  in  this  article. 


MINERALS  FROM  THE  CLIFTON-MORENCI  DISTRICT,  ARIZONA, 


By  W.  Lindgren  and  W.   F.  Hillebrand. 


In  1902  an  examination  was  made  of  the  Clifton-Morenci  eoppel 
district  in  Arizona.  Study  of  the  collections  proved  the  presence  of 
several  interesting  minerals,  a  brief  account  of  which  is  here  given.* 
The  copper  deposits  at  Clifton  and  Morenci  consist  partly  of  irregular 
or  tabular  bodies  of  oxidized  ores  in  Paleozoic  limestones,  partly  of- 
chalcocite  ores  connected  with  fissure  veins  in  a  granite-porphyry  o»i 
in  the  same  limestones. 

CORONADITE. 

On  the  dump  of  a  small  shaft  on  the  west  end  of  the  Coronado  vein.i 
three-fourths  of  a  mile  west  of  Horseshoe  shaft,  fairly  large  amounts! 
of  a  dark  metallic  mineral  were  found  intimately  intergrown  with 
quartz  and  decomposing  into  limonite.  The  vein  at  this  end  shows  nc 
copper  minerals,  but  is  said  to  contain  some  gold,  and  its  surface  ore,' 
are  reported  to  have  been  worked  in  an  arrastre  in  the  early  days  ol ; 
the  camp.  In  color  this  mineral  is  black  and  its  structure  is  delicately 
fibrous.  The  hardness  is  about  4  and  the  streak  black  with  brow  nisi 
tinge. 

A  thin  section  proves  it  to  be  opaque,  and  in  reflected  light  its  fibrou; 
and  homogeneous  structure  is  well  brought  out.  It  cements  angula  J 
quartz  grains  and  its  secondary  nature  is  clearly  indicated.  In  gen 
eral  aspect  it  is  not  unlike  psilomelane.  A  preliminary  examinatioi 
showed  that  it  contained  the  oxides  of  lead  and  manganese.  As  it  di<  [ 
not  seem  to  correspond  to  any  known  mineral  species,  an  analysi 
was  made,  after  a  partial  mechanical  separation.  The  results  were  a 
follows: 

Long-continued  efforts  to  procure  pure  material  for  analysis  by  th 
use  of  heavy  solutions  were  not  attended  with  success.  The  ultimat 
product  of  specific  gravity,  5.246  at  22°,  yielded  on  decomposition  b" 
hydrochloric  acid  a  residue  of  from  6  to  7  per  cent,  which  consiste  I 
mainly  of  silica,  with  a  small  amount  of  alumina,  etc.  Its  presenc  i 
would  not  have  mattered  much  had  it  been  quite  indifferent  to  acid* , 
but  its  partial  solubility,  as  shown  by  the  varying  amounts  undissolve  l| 
on  different  trials,  and  similar  varying  amounts  of  alumina  and  perliaj  -! 
42 
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other  minor  ingredients  found  in  solution,  renders  the  calculation  of 
molecular  ratios  not  altogether  certain  in  all  cases.  The  composition 
as  found  is: 

Mn02 

MnO 

PbO 


ZnO 

CuO 

Mo03 

A120, 

Fe8(V 

H20 

Insol.  and  silica 

CaO,  MgO,  Alk.,  and  loss. 


a  56 

111 

6 

56 

26.48 

Id 

05 

:;i 

b 

<i:; 

1 

01 

'M 

03 

7 

22 

45 

Total 100.  00 

The  material  available  did  not  permit  the  quantitative  determina- 
tion of  the  vanadium,  which  may  be  present  in  rather  more  than  a 
mere  trace,  but  neither  it  nor  the  phosphorus  can  influence  mate- 
rially the  ratios  given  below.  The  vanadium  would  be  effective  in 
two  ways:  (1)  by  requiring  a  base  for  its  neutralization,  if  existing  as 
an  acid  constituent,  and  (2)  by  liberating  chlorine  when  acted  on  by 
hydrochloric  acid,  and  thus  affecting  the  values  found  for  peroxide 
oxygen.  If  the  iron  exists  in  the  ferrous  state,  it  too  would  affect 
the  values  found  for  the  peroxide  oxygen,  and  consequently  for  both 
the  oxides  of  manganese.  Assuming  it  to  so  exist  and  applying  the 
proper  corrections,  also  deducting  from  the  lead  oxide  an  equivalent 
for  the  molybdenum,  assuming  its  existence  as  molybdate  of  lead,  the 
following  are  the  results: 


Mn02 56.  68- 

MnO 6. 11- 

PbO 26.  96- 

-  87.0=0.6515 

-  71.0=  .0861 
-222.9=  .1165 

-  72.0=  .0126 

-  81.0=  .0012 

-  79.0=  .0006 

-  18.0-  .0572 

=  3.00 

FeO 91- 

ZnO 10 

CuO 05- 

H20 1.03- 

■0.217  =  1.00 
=  .264 

«Mean  of  56.10  and  56.16.    Total  Mn  as  MnO  from  MnSC 
per  cent. 
i>  With  a  little  Ti02l  P205,  and  V2Of>. 
"State  of  oxidation  not  known. 
d  Nothing  at  100°,  only  0.14  per  cent  below  200°. 

)4,  52.38  per  cent. 

Peroxide  oxygen,  10.31 
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If  the  mineral  is  to  be  regarded  as  anhydrous,  the  comparatively 
simple  formula  R"  (Mn307)"  satisfies  the  above  ratio,  and  it  may  be 
written  structurally 


0  =  Mn""- 

-0 

A 

\ 

1 

\ 

0  =  Mn"" 

R 

i 

/ 
/ 

V 

0=Mn""- 

in  which  R"  —  Pb"  or  Mn".  This  is  to  be  regarded  as  a  saturated  salt 
of  one  of  the  numerous  possible  derivatives  of  ortho-manganous  acid 
that  may  be  derived  from  it  by  removal  of  water,  in  the  present  case 
as  follows: 

3H4Mn04-5H20=H2Mn307 

An  acid  of  the  same  empirical  formula  would  result  by  removal  of  i 
two  molecules  of  water  from  three  of  metamanganous  acid,  H2MnOl 

It  is  probably  best  to  rest  for  the  present  content  with  the  above-r 
relatively  simple  formula  and  to  regard  the  water  found  as  due  tm 
incipient  alteration.     But  if  the  water  is  to  be  considered  as  wholly  or 
in  part  essential,  and  furthermore  constitutional — and  this  may  veil 
well  be  the  proper  view  to  take — then  the  formula  becomes  much  1 
more  complex,  namely,  R/'H2(Mn1202<J),  when  none  of  the  water  is 
allotted  to  the  foreign  matter.     This  formula  is  still  referable  graph- 
ically to  a  more  highly  condensed  manganous  acid,  and  a  number  of 
isomers  would  be  possible. 

Such  intricate  formulas  as  this  should  not  cause  the  least  surprise,  \ 
however  unlikely  they  may  at  first  appear  to  be.     The  great  number  1 
of  manganites  in  varying  degrees  of  saturation  and  hydration  observed* 
in  nature  and  prepared  artificially,  some  of  them  of  even  greater  com-il 
plexity  than  the  above,  are  certainly  not  all  mixtures  of  only  a  few! 
simply  constituted  molecules.     A  very  short  study  of  the  graphic i> 
formula  corresponding  to  the  above  empirical  formula  R"4H2(Mn12029;'.,| 
will  show  what  a  vast  number  of  closely  related  bodies  are  theoretic 
ally  producible  by  hydrating  the  molecule  step  by  step  or  by  adding  tc 
or  reducing1  the  number  of  bivalent  atoms  or  substituting  for  their 
those  of  another  valence.     Similar  varieties  in  great  number  would  b( 
derivable  from  other  condensed  manganous  acids  of  both  higher  anc 
lower  orders,  and  it  is  plain  that  because  of  the  very  slight  difference;  I 
in  percentage  composition  between  many  of  them  it  is  almost  as  hope  | 
less  to  expect  analysis  to  reveal  the  exact  empirical  formula  in  th<  i 
majorit}7  of  cases  as  it  is  for  the  enormously  complex  album  inott  I 
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bodies  of  organic  chemistry.  This  is  especially  true  because  in  so 
many  cases  the  mineral  manganites  described  are  far  from  being 
homogeneous  species.  They  are  either  mixtures  of  two  or  more  of 
these  closely  related  complex  molecules  or  else  are  contaminated  by 
foreign  bodies.  It  is  not  surprising,  then,  that  so  many  compounds  of 
uncertain  formula  that  may  be  regarded  as  salts  of  manganous  acid 
have  been  prepared  in  the  laboratory  or  are  found  in  nature.  From 
the  known  tendency  of  these  bodies  to  form  under  laboratory  condi- 
tions which  may  very  well  be  repeated  in  their  general  character  in 
nature,  it  is  to  be  expected  that  a  vast  number  of  mineral  manganites 
should  exist,  and  it  ought  rather  to  excite  surprise  than  otherwise  if 
two  or  more  are  not  formed  simultaneously  from  the  same  solution. 
This,  together  with  inherent  difficulties  of  analysis,  would  offer  a 
simple  explanation  of  the  fact  that  so  few  of  the  anal}Tses  made  lead  to 
rational  formulas.  If  formed  from  solution,  their  original  state  might 
well  be  one  of  hydration  either  as  regards  water  of  crystallization  or 
of  constitution.  The  temperature  at  which  the  water  is  expelled  in 
the  present  case  indicates  constitutional  water. 

Our  search  of  the  literature  has  not  revealed  a  native  manganite 
earning  a  high  percentage  of  lead,  although  artificial  compounds  have 
been  prepared.  For  this  reason,  and  because  of  its  distinctly  ciwstal- 
ine  character,  the  present  mineral  seems  worth}7  of  a  specific  name. 
The  one  we  propose  is  coronadite,  after  the  famous  explorer  of  that 
portion  of  the  American  continent  from  which  the  Territories  of  New 
Mexico  and  Arizona  have  been  formed. 

CIIAI.COCITE. 

The  cuprous  sulphide  (Cu2S)  is  very  common  in  the  Clifton  district; 

n  fact,  it  constitutes  at  present  the  principal  valuable  mineral  in  the 

pres.     It  occurs  chiefly  intergrown  with  pyrite,  in  the  altered  por- 

hyiy,  as  disseminated  grains  or  as  solid  seams  or  veins  which  rarely 

xceed  2  or  3  feet  in  thickness.     It  is  never  crystallized  but  has  ordi- 

arily  an  earthy  or  sooty  appearance  and  black  color;  scratching  with 

ji  knife  reveals  its  semisectile  character  and  metallic  luster.     In  a  few 

Small  massive  veinlets  the  normal  metallic  luster  and  dark-gray  color 

iippear  on  fractures;  a  fibrous  or  columnar  structure  of  the  mineral  is 

known  on   small    seams  in  shale   from  the  Montezuma   mine.     The 

pineral  prefers  porphyry,  and  the  great  bodies  of  ore  now  worked 

11  occur  in  this  rock;  but  it  is  not  entirely  unknown  from  the  irregu- 

ir  deposits  in  limestone  generally  carrying  cuprite  and  copper  carbon- 

tes.     A  partial  analysis  of  massive  chalcocite  from  the  Montezuma 

line,  Morenci,  gave  96  per  cent  Cu2S  and  2.4  per  cent  FeS2,  the  latter 

robably  mechanically  admixed. 

The  chalcocite  is  everywhere,  in  this  district,  a  secondary  mineral 
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formed  by  the  replacement  of  pyrite  by  means  of  descending  solutions 
of  cupric  sulphate.  The  deposition  of  the  mineral  was  accompanied 
by  the  formation  of  quartz,  chalcedony,  and  kaolin.  In  the  porphyry 
the  chalcocite  ore  along  the  veins  begins  100  to  200  feet  below  the 
surface  and  continues  to  a  depth  of  400  feet,  or  even  more,  when  it  is 
usually  replaced  by  pyrite,  chalcopyrite,  and  zinc  blende. 

WILX.EMITE. 

This  rare  silicate  of  zinc  (Zn2Si04)  was  found  by  Mr.  Boutwell  in  the 
form  of  very  small  grayish  crystals  on  a  fragment  of  garnet  rock  in 
the  Modoc  open  cut,  on  the  north  side  of  Modoc  Mountain.  These 
crystals  were  identified  by  Messrs.  Pirsson  and  Penfield,  of  Yale  Uni- 
versity, who  state  that  the  stout  hexagonal  prisms  look  exactty  like 
those  from  the  original  localit}^  at  Moresnet. 

CALAMINE. 

Small  transparent  orthorhombic  crystals  of  calamine  (ZnOH)2  Si03 
were  identified  on  a  specimen  of  decomposed  garnet  rock  from  the 
Shannon  mine,  just  above  the  lime  quarry. 

DIOPTASE. 

The  silicate  of  copper,  dioptase  (H2CuSi04)  has  been  found  at  only 

a  few  localities.     Veiy  beautiful  specimens,  which,   however,  are  by 

no  means  common,  have  long  been  known  from  the 

A~~       /\  classic  locality,  the  Kirghese  Steppes,  Russia,  and 

/  \ 6  /  /  \  \  more  recently  from  the  French  Kongo  State,  Africa. 

\'./\'*'^~\\       Dioptase  is  seldom  found  in  the  United  States,  the 
X/\  \      o\  \A       only  recorded  occurrences  being  at  the  Bon  Ton 
\  \. V._.-..\ Ai      mines,  Chase  Creek,  near  Clifton,  Ariz.,  noted  by 
\  X'/y      "\   /     R-  C.  Hills/'  and  from  near  Riverside,  Pinal  County, 
\/y  \J      Ariz.,  noted  by  W.  B.  Smith.6     Well  crystallized 

fig.  3.— Dioptase.  specimens  of  this  mineral  were  found  on  an  old 
dump  of  the  Stevens  group  of  mines,  on  the  wTesf- 
side  of  Chase  Creek,  near  Garfield  Gulch.  They  occurred  in  a  small 
chimney  of  chrysocolla  ore  in  limestone,  now  worked  out,  and  the 
locality  is  believed  to  be  the  same  as  that  described  by  Mr.  Hills,  j 
The  dioptase  crystals  were  submitted  to  Prof.  S.  L.  Penfield,  wh( 
remarks  on  them  as  follows: 

The  crystals,  measuring  from  1  to  2  mm.  in  diameter,  occur  closely  groupe< 
together,  lining  cavities  in  a  brown  ferruginous  gangue  impregnated  with  amorphou 
green  material  which  is  probably  chrysocolla.  The  color  of  the  dioptase  is  a  beaut! 
ful  emerald-green.  The  habit  of  the  crystals,  shown  by  the  accompanying  figure,  i 
that  which  is  most  commonly  observed  and  is  especially  characteristic  for  dioptase 
prism  of  the  second  order  a  (1120),  terminated  chiefly  by  the  rhombohedron  of  th 
first  order  *  (0221)  and  with  small  faces  of  the  rhombohedron  of  the  third  order. 

a  Am.  Jour.  Sci.,  ser.  3,  vol.  23,  1882,  p.  325.  b  Prdc.  '  olorado  Sci.  Soc,  vol.  2,  1887,  p.  IV.). 
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134 1 ).    As  is  common  on  this  species,  the  prismatic  faces  arc  vicinal  and  the  s  and  x 

ices  are  striated  parallel  to  their  mutual  intersection  edges;  hence  the  crystals  are 

Ot  suited  for  giving  accurate  measurements  of  the  angles  with  the  reflection  goni- 

meter.     One  crystal    was  measured,  and   the  angles  of  one  of  the   rhomhohedral 

ones,  given  below,  are  sufficiently  close  to  the  calculated  values  to  establish  the 

ientity  of  the  forms. 

Measured.  Calculated. 

a  x,      1120     1341  =  28°  55'  28°  48' 

s  s',      0221     2021  =  83°  48/  84°  33' 

s'  a",    2021     TT20  =  48°  18'  47°  43' 

By  crushing  some  of  the  material,  embedded  in  oil  under  a  cover  glass,  and  exam- 
nation  in  convergent  polarized  light,  occasional  fragments  were  found  which  gave 

normal  uniaxial  interference  figure,  with  numerous  rings  indicating  high  birefrin- 
ence.  The  character  of  the  birefringence  was  found  to  be  positive.  Thus  in  all  of 
ts  crystallographic  and  optical  relations  the  material  studied  is  like  typical  dioptase 
rom  other  localities. 

CHRYSOCOLLA. 

This  mineral  (CuSi03+nH20)  occurs  very  commonly  in  the  oxidized 
>art  of  the  deposits,  but  does  not,  except  in  some  eases,  constitute  an 
mportant  ore.     On  the  whole,  it  is  more  abundant  in  the  deposits  in 
)orphyry  and  granite  than  in  those  contained  in  limestone.     The  usual 
)luish  green  or  dirty  green  colors  and  conchoidal  fracture  characterize 
t.     It  occurs  in  seams  or  coatings  at  many  of  the  mines — abundantly  in 
he  Mammoth  mine  on  contact  fissure  between  porphyry  and  limestone; 
t  several  prospects  on  the  Stevens  group  in  Chase  Creek  near  Gar- 
eld  Gulch;  in  the  Terazas  fissure  vein  in  porphyry,  near  Me  tea  If ;  at 
e  Metcalf  mines  and  many  of  the  prospects  between  that  place  and 
orenci;   at  the  Modoc  open  cut,   Morenci.      Technical  analyses  of 
rysocolla  ore  from  Terazas  mine  by  the  Arizona  Copper  Company 
ve — 

Si02 31.(15 

CuO 34.90 

H20 26.30 

Al  20, 3.80 

Undetermined 3.35 


100.00 


Normal  chrysoeolla  should  have  34.2  per  cent  Si02,  45.2  per  cent 

JiO^  and  20.5  per  cent  H20,  but  the  analyses  show  great  divergency, 
my  probably  being  mixtures.  Moreover,  what  has  been  called 
rysocolla  probably  includes  two  mineral  species. 
The  optical  characteristics  of  chrysoeolla  seem  imperfectly  known. 
Ana  states  that  it  is  cryptocrystalline,  while  many  other  text-books, 
tabby  one  issued  in  1902  by  Professor  Miers,  call  it  " amorphous." 
In  most  cases  the  mineral  indeed  seems  cryptocrystalline  with  bluish- 
£Jay  colors  of  interference,  but  this  is  by  no  means  universal, 
phrysocolla  from  the  Modoc  open  cut  appears  as  mammillary  crusts 
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of  bluish-green  color  on  "copper-pitch  ore."  The  latter  is  isotropic 
and  undoubtedly  a  distinct  mineral  from  the  chrysocolla,  of  brown 
color  in  varying  tints,  some  of  it  opaque  and  showing  evidence  of 
concentric  deposition.  On  top  of  the  chrysocolla  are  thin  crusts  of 
quartz  and  some  calcite.  The  chrysocolla  has  three  different  struc- 
tural forms,  as  seen  under  the  miscroscope:  (1)  The  dominant  mass  il 
a  cryptocrystalline  to  microcrystalline  aggregate  of  particles  with 
high  birefracting  index;  (2)  very  fibrous  and  felted  aggregates  of 
same  substance  giving  undulatory  effects  between  crossed  nicols  :md 
medium  high  colors;  (3)  fibrous  crusts  on  top  of  1,  or  also  in  thin  lay- 
ers between  masses  of  1,  the  individuals  having  such  a  remarkably 
parallel  orientation  that  the  aggregate  of  them  appears  almost  like 
single. crystals  between  crossed  nicols,  with  black  shadows  sweeping, 
across  them  when  the  table  is  turned.  The  extinction  is  parallel  to 
the  fibers,  double  refraction  strong,  about  like  augite,  character  nega- 
tive. The  same  optical  characteristics  were  repeatedly  observed  im 
thin  sections  of  chrysocolla  from  Metcalf  and  other  places.  Reniform 
deposits  were  sometimes  noted,  the  center  of  cryptocrystalline  material 
coated  with  coarsely  fibrous  and  highly  birefringent  material. 

Sections  from  the  Coronado  and  Metcalf  mines  often  showed  pseudo- 
morphs  of  pyrite  consisting  of  a  shell  of  limonite  with  kernel  of  fibrous 
chrysocolla. 

The  observations  of  Jannettaz a  on  chrysocolla  from  Boleo,  Bajs 
California,  Mexico,  led  to  the  same  results  as  described  above,  bul 
seem  generally  to  have  been  overlooked  by  editors  of  text-books. 

COPPER-PITCH  ORE. 


Under  this  old  German  name  is  described  a  dark   brown  to  blacl 
substance,  sometimes  dull  but  generally  with  glassy  to  resinous  luster 
hardness  about  4;  streak  dark  brown.     It  occurs  among  the  product 
of  oxidation  of  the  deposits  in  limestone,  as  at  the  Detroit  and  Long 
fellow  mines  and  Modoc  open  cut  at  Morenci,  and  is  associated  wit 
azurite,  malachite,  and  chrysocolla,  often  inclosing  these  minerals  o 
replacing  in   branching  veinlets,  together  with   azurite,  a  shale-lik 
mass,  probably  largety  composed  of  kaolin.     In  thin  section  it  is  some  ■ 
times  opaque,  but  often  also  translucent,  gradual  transitions  obtainin  ;j 
in  the  same  section,  and  occurs  in  irregular  or  concretionary  masse;  j 
often  containing  small  embedded  crystals  of  a  doubtful  mineral,  poi 
sibly  a  silicate  of  zinc.     Between  crossed  nicols  the  translucent  miner}  I; 
always  proves  entirely  isotropic  and,  except  for  varying  depth  of  cole  ij 
and  the  small  crystals  mentioned,  entirely  homogeneous. 

«  Bull.  Soe.  Min.,  Paris,  vol.  9,  1880,  p.  211. 
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A  rough  preliminary  analysis  of  selected  pitch  black  material  from 
me  Detroit  mine  gave 

CuO 28. 6 

Zn( ) 8.  4 

Mn02 21.2 

Fe2(  )3-fAl20:i+P2()s  4.  0 

Insoluble  in  HC1 22.  8 

Ignition  loss  16.3,  less  oxygen  due  to  conversion  of  MnOjj  to  Mn304.   13.  7 

98.7 

Similar  material  surmounted  by  crusts  of  chrysocolla  from  the 
Modoc  open  cut  contained  much  Mn02,  with  a  good  deal  of  CuO  and 
Zn( ),  and  is.  thus  evidently,  the  same  substance.  Manganese  is  largely 
but  not  certainly  wholly  present  as  Mn02.  The  insoluble  portion 
consists  of  silica,  is  wholly  separated  by  acid  without  need  of  evapo- 
ration, and  is  nearly  all  soluble  in  dilute  potassium  hydroxide.  It  is 
not  possible  to  say  whether  silica  is  in  combination  or  as  opal,  but  it 
can  not  be  present  in  any  other  form. 

Most  of  these  copper-pitch  ores,  known  from  many  districts,  have 
been  described  as  impure  chrysocolla.  As  shown  by  the  optical  char- 
acteristics, they  are  not,  however,  a  mixture,  and  they  certainly  do 
not  contain  any  chrysocolla,  the  characteristics  of  which  are  very 
different.  They  probably  represent  a  series  of  closely  related  com- 
pounds, the  chemistry  of  which  has  not  yet  been  fully  elucidated. 
Prof.  G.  A.  Koenig"  describes  a  similar  mineral  with  the  same  iso- 
tropic character  from  Bisbee,  and  names  it  melanochalcite.  Its  com- 
osition  is  different,  since  it  contains 

CuO 76.  88 

Si02 7.  80 

C02 7. 17 

H20 7.  71 

ZnO 41 

FeS2 07 

100.  04 

Professor  Koenig  considers  it  most  probably  a  basic  salt  of  an  ortho- 
lilico-carbonic  acid.  No  carbon  dioxide  was  found  in  the  Morenci 
ninorals.  In  conclusion  it  would  seem  that  the  chemistry  of  these 
!;opper-pitch  ores  would  bear  further  examination. 

MORENCriF, 

In  a  lime  shale  on  the  intermediate  level  of  the  Arizona  Central 
line,  Morenci,  200  feet  below  the  surface,  brownish  or  greenish 
breading  mases  were  found,  containing  brownish  yellow,  silky  fibrous 
nuns.     The  inclosing  material  consists  largel}7  of  the  same  material 

a  Am.  Jour.  Sci.,  ser.  4,  vol.  14,  Dec,  1902,  p.  404. 
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as  the  seams,  but  impure  and  mixed  with  a  little  chlorite  and  pyrite. 
The  whole  bears  evidence  of  being  a  product  of  oxidation  of  some 
contact  metamorphic  mineral. 

The  fibrous  mineral  on  the  seams  forms  a  felted  aggregate  as  seen 
under  the  microscope,  but  it  is  well  individualized  and  contains  few 
impurities  except  a  little  pyrite  and  chlorite.  The  minute  fibers  are 
brownish  yellow  and  slight^  pleochroic,  being  darker  when  parallel 
to  the  principal  section  (opposite  the  behavior  of  biotite);  the  bire- 
fringence is  strong  and  extinction  strictly  parallel  to  the  fibers.  No 
mineral  corresponding  to  this  has  been  described,  but,  although  its 
individual  character  is  beyond  doubt,  the  analysis  does  not  lead  to  a 
satisfactory  formula.  The  material  for  the  analysis  was  picked  out 
carefully  under  the  lens  and  examined  under  the  microscope  it  proved, 
satisfactorily  pure. 

The  analysis  afforded  the  results  of  the  first  column  of  figures  below. 
In  deducing  the  molecular  ratios  of  the  second  column  there  has  been 
deducted  sufficient  lime  to  form  apatite  with  the  phosphoric  oxide. 


Molecular  ratios. 

Si02 

45. 74 

757 

=  10.  71  or  11 

Ti02 

trace 

ALA 

1.98 

019) 

V205 
186) 

Fe203 

29. 68 

=     2.  90  or    3 

FeO 

83 

011^ 

MnO 

trace 

CaO 

MgO 

1.61 

3. 99 

027 
100 

141 

=     2.  00  or   2 

K90 

20 

002 

Na20 

10 

001. 

H,0  105°  

8. 84 

491 

=     6.  96  or    7 

H20  150° 

12] 

H20  below  redness 

4.  27  i 

282 

—     3.  99  or   4 

H20  redness    . 

.  69  J 

CuO : 

little 

FeS2 

66 

P205 

18 

98.89 

It  would  seem  from  the  temperatures  at  which  the  water  is  drivei 
off  that  this  must  exist  in  two  conditions,  and  that  four-elevenths  o 
it  must  be  held  more  securely  than  the  remaining  seven-elevenths 
The  attempt  to  account  for  four  molecules  of  water  as  constitutional 
however,  led  to  no  simple  or  seemingly  probable  formula,  whereas  i 
all  water  is  excluded  the  ratio  is  that  of  a  metasilicate— R"aR'" 
(Si03)"n.  On  the  other  hand,  to  include  the  whole  of  the  water  ai 
essential  to  the  silicate  molecule,  for  which  there  is  little  ground  ii 
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iew  of  the  ease  with  which  most  of  it  is  expelled,  leads  to  an  ortbo- 
ilicate  ratio— R'22R"2R'"6  (SiOJ""n. 

On  the  whole,  considering  also  the  bad  summation  of  the  analysis, 
;  is  more  rational  to  regard  the  mineral  as  a  hydration  product  of  an 
riginal  metasilicate  molecule  than  to  attempt  to  construct  a  complex 
fcmula  which  could  have  but  a  very  doubtful  value.  As  the  mineral 
i  not  a  mixture,  but  is  optically  well  individualized,  we  have,  after 
3me  hesitation,  thought  best  to  designate  it  by  the  name  morencite, 
erived  from  the  locality  in  which  it  was  found. 

LIBETHENITE. 

This  hydrous,  basic  phosphate  of  copper  (H2Cu4P2O10)  was  found  30 
set  below  the  adit  level  of  the  Coronado  lode,  in  the  main  shoot.  It 
i  a  matter  of  interest  to  record  its  occurrence,  for  this  rare  mineral 
as  never  before  been  noted  in  the  United  States.  It  occurs  in  small 
rystals,  less  than  1  mm.  in  length,  deposited  in  cavities  and  seams  in 
quartzite  gangue.     The  mineral  was  identitied  by 

of.  S.  L.  Penfield,  who  also  kindly  measured  and 
gured  the  crystals.  Professor  Penh'eld  describes 
le  occurrence  as  follows: 

The  only  associated  minerals  are  occasional  clusters  of  un- 
ite quartz  crystals  and  small  tufts  of  radiated  malachite 
>edles.     The  color  of  the  libethenite  varies  from  lio-ht  to 

irk  olive-green,  depending  upon  the  size  of  the  crystals. 
le  habit  of  the  crystals,  as  shown  by  the  accompanying 
ustration,  is  a  combination  of  the  prism  m  (110)  and  brachy- 
fme  e  (Oil),  which  is  exactly  like  that  commonly  observed 
libethenite  from  foreign  localities.    On  an  occasional  crystal 

}  brachypinacoid  b  (010)  was  also  observed.     Although  the  crystals  are  brilliant, 

lie  faces  are  generally  vicinal  and  give  uncertain  or  multiple  reflections  of  the 

[niometer  signal.     The  best  reflections  were  obtained  from  the  faces  of  the  dome  r, 

d  three  measurements  of  e       e',  Oil       Oil  gave  69°  52',  70°  18/,  and  70°  14'.    The 

t  measurement,  obtained  from  the  best  reflections,  is  close  to  the  value,  70°  8', 

tained  by  Kose.     The  best  measurements  of  the  prismatic  angle  gave  m  ^  m" ', 

I)  ^  ll0=  87°  11/,  which,  considering  the  vicinal  character  of  the  prismatic  faces, 

ijreasonably  close  to  the  value  of  Rose,  87°  40',  as  given  in  Dana's  Mineralogy. 

iffemall  crystal  resting  on  a  prismatic  face,  when  examined  in  convergent  polarized 

lint,  showed  an  optical  axis  nearly  in  the  center  of  the  field,  with  the  dark   bar 

jr|;ining  at  right  angles  to  the  vertical  axis,  thus  indicating  that  the  optical  axes  are 

l^the  plane  of  the  base,  as  determined  by  Des  Cloizeaux.     The  presence  of  copper, 

iter,  and  phosphoric  anhydride  was  determined  by  chemical  tests. 

'\  more  detailed  search  would  probably  reveal  small  quantities  of 
posphates  from  other  mines  near  Morenci.  They  arc  certainly  not 
a.mdant. 


Fig.  i.— Libethenite. 
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BROCHANTITE. 

This  basic  sulphate  of  copper  (H6Cu4SO10)  is  usually  supposed  to  b( 
one  of  the  rarer  minerals.  It  was,  however,  discovered  at  a  few  place? 
near  Metcalf  and  Morenci,  in  well-developed  crystals,  and  this  led  tc 
a  systematic  microscopic  examination  of  the  green  ores,  hitherto  sup 
posed  to  be  malachite.  The  result  was  surprising",  as  the  mineral  was 
proved  to  be  of  extremely  common  occurrence,  mostly  intergrowt 
with  malachite,  which  had  effectively  masked  its  presence.  It  is 
believed  that  a  careful  examination  of  many  so-called  malachites  from 
other  districts  will  disclose  the  overlooked  importance  of  brochantite 
as  a  copper  ore. 

Brochantite  is  frequently  crystallized  in  the  short  but  stout  rhombic 
prisms  combined  with  dome  and  brachypinacoid  characteristic  of  the 
species.  Needle-shaped  and  flat  crystals  are  more  rare.  The  crystals 
are  usually  of  small  size  and  frequently  microscopic.  It  occurs  as 
lighter  or  darker  emerald-green  crusts  on  limonite  or  sericitized  por 
phyry  from  the  red  ore  body  in  the  Shannon  mine,  from  the  Metcali 
mines  and  many  other  places;  as  fine-grained  aggregates  in  altered 
porphyry  at  the  Shannon  mine,  near  the  surface,  constituting  valiii 
able  ore  with  as  much  as  30  per  cent  copper;  from  croppings  of  thi 
King  vein,  filling  seams  and  coating  porphyry  fragments  as  flat  piece  * 
or  even  foils  with  almost  pearly  luster;  from  the  croppings  of  th 
Copper  Queen  mine  between  Morenci  and  Metcalf,  here  as  flat  stella 
aggregates  of  bluish  green  foils;  at  many  places  near  Morenci,  as,  fo-«. 
instance,  Copper  Mountain  and  Montezuma  mines,  at  the  latter  localit 
replacing  chalcocite.  It  would  probably  not  be  found  absent  froit 
any  mine  in  the  district  containing  oxidized  copper  ores.  Malach'it  j 
often  develops  later  than  the  brochantite. 

On  the  whole,  the  mineral  is  most  abundant  in  fissure  veins  in  po  j 
phyry,  though  also  occurring  in  the  irregular  deposits  in  limestone.   j 

Brochantite  has  an  excellent  cleavage  parallel  to  the  brachypinacoii  >| 
The  macropinacoid  is  the  axial  plane  and  the  acute  bisectrix  is  see 
emerging  in  cleavage  foils.  Pleochroism  very  slight.  Birefringen 
much  lower  than  malachite,  about  equal  to  that  of  augite.  This,  i 
well  as  the  absence  of  twins,  distinguishes  brochantite  from  malachit 
The  reaction  for  sulphuric  acid  is  of  course  a  valuable  aid. 


, 


SPANGOLITE. 

This  peculiar  mineral  (H18Cu6A1C1S019),  essentially  a  highly  basnj 
chloro-sulphate  of  copper  and  aluminum,  was  discovered  and  describ  j 
by  Prof.  S.  L.  Penlicld"  about  fifteen  years  ago.     The  specimen  cat 
from  some  point  within  200  miles  of  Tombstone,  Ariz.,  and  probab 1 


a  Am.  Jour.  ScL,  ser.  3,  1890,  vol.  39,  pp.  370-378. 
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rom  one  of  the  great  copper  camps  of  the  Territory.  Somewhat  later 
b  was  identilied  by  Prof.  H.  A.  Miers  on  two  specimens  from  Corn- 
rail,  England,  but  the  American  locality  has  not  yet  been  found.  It 
3,  therefore,  a  matter  of  interest  to  record  its  discovery  on  some  speci- 
nens  from  the  Metcalf  mine  of  the  Arizona  Copper  Company,  taken 
rom  the  workings  in  the  great  open  cut  not  more  than  100  feet  below 
he  surface.  These  specimens  consist  of  white  sericitized  granite- 
>orphyr\\  in  part  silicified,  and  traversed  by  veinlets  and  irregular 
lasses  of  cuprite;  the  cuprite  contains  native  copper  and  is  covered 
»y  crusts  of  malachite,  brochantite,  and  chrysocolla.  A  soft  and  scaly 
•luish-green  coating  on  the  chiysocolla  proved  to  consist  of  microscopi- 
al  hexagonal  crystals  or  cleavage  foils,  remaining  dark  between  crossed 
licols.  The  mineral  was  identified  as  spangolite,  a  determination  in 
idiich  Professor  Penfield  concurred.  No  measurable  crystals  were 
ound.  and  the  mineral  is  very  inconspicuous.  It  is  difficult,  if  not 
npossible,  to  obtain  material  entirely  free  from  other  minerals. 
Selected  bluish  flakes  from  this  specimen  gave  tests  for  water,  and 
ie  sulphate  and  chlorine  ions,  besides  copper.  There  was  too  little 
f  this  pure  material  to  permit  of  a  test  for  alumina,  but  the  mixed 
apper  minerals  composing  the  greater  part  of  the  specimen  showed 
le  presence  of  this  body.  It  seems  therefore  probable  on  these 
rounds  alone  that  the  bluish  flakes  are  spangolite.  Vanadium,  phos- 
horus,  and  arsenic  are  absent. 

The  closed-tube  reactions  of  the  mixed  copper  minerals  are  very 
riking.  Water  is  given  off  first.  Then  appears  suddenly  a  white 
lblimate  (A1C13?)  near  the  assay,  which  seems  to  form  or  at  once 
lange  to  minute  colorless  drops.  This  deposit  can  be  driven  slowly 
3  the  tube,  followed  at  its  lower,  sharply  denned  edge  by  darkyellow- 
•own  drops  (CuCl2?),  which  on  cooling  solidify  to  greenish  crystal- 
le  aggregates,  and  the  part  of  the  tube  between  them  and  the  assay 
ows  under  the  lense  delicate  feathery  crystallizations  like  frost  mark- 
gs  on  window  panes.  Down  in  the  flame  the  glass  becomes  colored 
d  (Cu20?)  and  in  parts  yellow.  On  charcoal  the  blowpipe  flame  is 
lored  azure  blue  and  at  the  same  time  green. 

In  order  to  compare  the  above  closed-tube  behavior  with  that  of 
doubted  spangolite,  a  small  fragment  of  the  latter,  offered  by  Pro- 
issor  Penfield,  was  tested.  It  gave  water  and  then  a  white  sublimate 
ile  the  one  above  mentioned,  followed  by  a  dark  olive-brown  liquid, 
■rich  on  cooling  passed  through  lighter  shades  of  color  and  solidified 
a  a  bright  screen  ring.  In  general  this  behavior  is  very  like  that  of 
t'e  mixture  under  examination  from  Clifton. 

GTCRIIARDTITE. 

;The  cliffs  of  granite-porphyry  in  the  deeply  eroded  Chase  Creek 
Cnyon  at  Metcalf  in  many  places  show  a  conspicuous  and  extensive 
bight  green  coating  of    some  copper  mineral,  which,   no   doubt,    is 


54  CONTRIBUTIONS    TO    MINERALOGY.  [bull.  262. 

formed  by  the  trickling  of  atmospheric  waters  over  and  through  rocks 
containing  a  small  percentage  of  copper.  This  is  not  surprising,  foil 
porphyry  in  this  vicinity  is  altered  throughout  by  quartz  cementation 
and  disseminated  cupriferous  pyrite.  This  "  green  paint,"  as  it  is 
frequently  called,  is  not  soluble  in  water,  and  more  closely  examined 
consists  of  small  dark-green,  roughly  mammillary  forms,  coating  the 
rock  to  a  thickness  of  a  few  millimeters.  Examination  by  the  micro- 
scope fails  to  reveal  any  recognizable  mineral  in  the  cry ptocrystal line 
mass. 

Chemical  examination  led  to  the  interesting  result  that  the  copper 
minerals  present  consist  of  a  nitrate  and  a  chloride,  neither  of  which 
has  been  found  elsewhere  in  the  mines  of  the  district.  Detrital  grains 
and  some  silica  seem  associated  with  these  compounds.  The  nitrogen 
seems  difficult  to  account  for  in  the  absence  or  scarcity  of  animal  sub] 
stances  which  might  have  yielded  it.  Possibly  it  is  contained  in  the 
porphyry. 

The  closed-tube  reactions  of  the  copper  minerals  forming  the 
mixture  on  this  specimen  are  as  striking  in  their  way  as  those  of 
the  mixture  containing  spangolite,  described  elsewhere.  Water  tirst 
appears,  then  brownish  nitrous  vapors,  followed  by  a  sublimate  which 
is  not  very  volatile,  becomes  black  on  further  heating  but  on  cooling: 
yellow-brown.  The  glass  at  the  bottom  of  the  tube  is  often  yellow- 
brown  when  cold.  After  some  hours  the  sublimate  nearly  disappears 
or  becomes  greenish  from  absorption  of  water.  If  the  water  Avhich 
condenses  in  the  upper  part  of  the  tube  on  tirst  applying  heat  is  driven 
out  by  the  flame,  and  the  mouth  of  the  tube  is  held  in  the  flame,  this 
is  colored  deep  green  by  a  volatile  copper  compound  (chloride?).  On 
charcoal  the  flame  is  azure  blue  and  at  the  same  time  green.  Yana- 
dium  is  absent. 

The  mixture  contains  presumably  the  basic  nitrate  gerhardtitc 
(HBCu4N2012)  and  a  chloride  which  is  perhaps  atacamite.  Spangolite, 
the  chloride,  can  hardl}T  be  present,  for  the  slight  amount  of  SOs  showr 
by  test  does  not  seem  sufficient  to  account  for  the  large  amount  o1< 
chloride. 

The  only  place  from  which  gerhardtite  has  previously  been  identitiec  , 
is  ;it  Jerome  mines  in   the  central  part  of  Arizona,  associated  witl 
cuprite  and  malachite.    It  was  discovered  there  by  Messrs.  II.  L.  Weill 
and  8.  L.  Pentield. 


TWO  TELLURIUM  MINERALS  FROM  COLORADO. 


By  W.   F.   HlLLEBRAND. 


1.  EMMONSITE  (?)  FROM  A  NEW  LOCALITY. 

Messrs.  F.  L.  Ransome  and  Waldemar  Lindgren,  of  the  Geological 
Survey,  collected,  in  the  W.  P.  H.  mine  at  Cripple  Creek,  a  green  min- 
eral which  has  been  observed  in  other  mines  there,  and  which  on  exami- 
nation in  the  laboratory  showed  close  resemblance  to  the  emmonsite 
described  by  the  writer  nearly  twenty  years  ago/'  It  differed  from 
t,  however,  in  outward  appearance  by  assuming  mammillary  forms 
nstead  of  crystalline  plates.  In  its  optical  properties,  so  far  as  they 
vere  determinable,  there  is  perhaps  no  positive  disagreement  with 
hose  reported  for  emmonsite.     Mr.  W.  T.  Schaller  reports  as  follows: 

There  are  two  cleavages,  one  paralled  to  6(010)  and  another  parallel  to  a  form  in 
he  orthozone.  Axial  plane  parallel  to  6(010).  Bx;i  perpendicular  to  a  cleavage  face 
In  the  orthozone.  The  extinction  on  the  clinopinacoid  in  inclined  25°  to  30°  to  the 
rertical  axis.  2E  is  approximately  40°.  Double  refraction  medium,  and  the  min- 
ral  nonpleochroic. 

The  gangue  in  which  the  specimens  were  found  is  granite  and  schist, 
ose  to  their  contact  with  a  porphyritic  breccia,  in  a  vein  pocket,  at  a 
istance  of  about  150  feet  from  the  surface.  Associated  with  it  was 
ery  rich  native  gold  ore  and  also  tellurite,  though  neither  of  these 
fas  apparent  on  the  few  specimens  that  came  to  the  laboratory. 
Like  emmonsite,  the  mineral  melts  at  a  low  heat  to  a  red-brown  liquid, 
ut,  unlike  it,  gives  on  stronger  heating  only  tellurous  oxide  with  no 
race  of  selenium  or  selenious  oxide.  Analysis  confirmed  the  absence 
f  selenium.  Its  density,  too,  differs  from  that  of  emmonsite,  if  the 
eterminations  in  both  cases  on  scanty  material  are  to  be  depended 
n.  After  allowing  for  gangue,  the  original  emmonsite  was  judge*]  to 
ave  a  density  of  at  least  5,  while  that  of  the  present  mineral  is  but 
ttle  above  4.53,  after  allowing  for  24.44  per  cent  of  gangue,  consist- 
ig  mainly  of  quartz,  and  to  which  the  specific  gravity  of  quartz  was 
;signed. 

In   its  appearance  the  present  mineral   would    seem   to    resemble 
irdenite  more  than  emmonsite,  but  the  marked  difference  in  water 


a  Proc.  Colorado  Sei.  Soc,  vol.  '2,  p.  20,  1885. 
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content  differentiates  it  sharply  from  that  mineral,  durdenite  yielding 
over  10  per  cent. 

After  deducting  '22. 14  per  cent  of  gangue  containing  over  90  per 
cent  of  silica,  three  portions  of  from  0.15  to  0.20  gram  net  weight 
each  gave  the  following  results: 


l. 

2. 

3. 

Mean. 

Ratios. 

Te02 

Fe90, 

70.  83 
22.  67 

71.80 
22.81 

4.82 

.34 

.58 

70.20 
22.79 

70.  71 
22.  76 
.21 
4.  54 
.34 
.56 
.88 

3. 16 
1.00 

H20  at  100° 

|        4. 68 

H20  above  100° 

1.  77 

P„(\ ! 

A1,0, 

.54 

Si02,  etc." 

100.  00 

a  Includes  alkalies,  traces  of  magnesia  and  gold,  and  a  small  amount  of  a  metal  or  metals  precii 
table  by  hydrogen  sulphide  whose  identity  could  not  be  established. 


„ 


Allowing  the  alumina  to  offset  the  P205,  though  it  may  belong  t 
a  soluble  silicate  or  to  the  tellurite,  and  a  small  portion  of  iron  he 
demanded  for  the  P205,  the  ratios  given  in  the  final  column  result. 
Thejr  are  as  unsatisfactory  as  those  afforded  by  the  original  emmons4 
ite,  which  were  for  Fe203  to  Te02,  1:3.65  in  the  original  description 
and  1:3.75:1.82  for  Fe203:Te02:H20  if  the  supplementary  determi- 
nations in  Am.  Jour.  Sci.,  vol.  10,  p.  81, 1899,  are  accepted.  The  pres- 
ence of  tellurite  in  association  with  the  green  mineral  suggests  a  possible 
explanation  of  the  failure  to  obtain  a  simple  ratio,  though  such  con- 
tamination was  not  noted  in  the  material  analyzed  nor  on  the  neigh- 
boring gangue.  If  this  explanation  is  correct,  however,  the  variation 
from  the  original  emmonsite  ratio  becomes  still  more  marked.  Pro-! 
visionally,  the  mineral  may  be  regarded  as  emmonsite. 

The  above  results  are  given  in  some  detail,  notwithstanding  theirij 
inconclusiveness,   because  of   the   importance  of   accumulating   data 
regarding  the  as  yet  small  but  interesting  group  of  ferric  tellurites, 
and  inciting  collectors  and  mining  men  to  careful  search  for  and  pres- 
ervation of  further  material  for  more  extended  study. 

Thus  far  emmonsite,  durdenite,  and  an  unnamed  mineral  froir 
Cripple  Creek,  described  by  Knight  in  Proc.  Colorado  Sci.  Soc. 
vol.  5,  p.  66,  and  affording  likewise  unsatisfactory  ratios,  comprise 
the  list  of  natural  ferric  tellurites,  the  formula  of  no  one  of  which  car 
be  regarded  as  established  beyTond  question. 
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1.  TETRAD YMITE. 

Specimens  received  in  the  Survey  laboratory  from  Mr.  IT.  B.  Trader 
md  said  to  come  from  some  locality  near  Whitehoru,  Fremont  County, 
proved  to  be  tetradymite.  They  showed  the  mineral  in  masses  of 
considerable  size,  which,  although  manifesting  the  eminent  cleavage 
Sf  tetradymite,  were  devoid  of  distinct  evidences  of  crystal  form. 
Hie  specific  gravity  at  20°  C.  was  7.816.  Analysis  afforded  the  fol- 
lowing results: 


i. 

2. 

3. 

Mean. 

Atomic  ratio. 

Bi. 

52.00           52.30 

46.62   1 

)       46.82 
a.  20   J 

.13               .14 

52. 13 

52.14 

0.2498   =2.0 

re 

1        46. 62 

.36511 

*5e 

1            .20 
.14 
.22 
.15 

.0025  [=2.  98 

3 

.  0044 J 

Fe2Os 

.22 

insoluble  . . 

.15 

99.47 

1 

! 

«  Appro? 

.iruate. 

NOTES  ON  LAWSONITE. 


By  W.  T.  Schaller  and  W.  F.  Hillebrand. 


Crystals  of  lawsonite  are  very  simple  in  their  combinations,  the 
common  forms  being-  the  prism,  base,  and  brachydome.  Two  habits 
occur — tabular  crystals  with  {001}  and  {110}  and  crystals  with  the 
forms  {110}  and  {Oil}.  The  brachypinacoid  and  the  brachydome  {04m 
also  occur.  A  large  number  of  crystals  from  the  typical  locality  in 
Marin  County,  CaL,  were  collected  by  the  writer  and  carefully  exam- 
ined with  a  hand  lens  for  any  additional  forms.  Only  two  new  forms 
were  determined. 

The  forms  observed  on  the  six  crystals  measured  are: 


e=0     =001 

£  =  0oo  =010 

m—cc    =110 


^=01=011 
.=01=041 
r=  2  =  221 
s=  3  =  331 


The  angles  measured,  with  those  calculated  for  these  forms,  ar< 
quoted  in  the  table  following: 


No. 

Letter. 

sy 

nbol. 

Measured. 

Calculated. 

Gdt. 

Miller. 

</>• 

p- 

«/'• 

p- 

0        / 

0 

, 

0         / 

0 

1 

c 

0 

001 

0 

02 

0 

00 

2 

h 

Geo 

010 

0    00 

1)0 

00 

0     00 

1)0 

00 

3 

m 

GO 

110 

56     22 

90 

00 

50     22 

DO 

00 

4 

d 

01 

011 

0     01) 

36 

36 

0     00 

36 

27 

5 

e 

04 

041 

0     00 

71 

18 

0     00 

71 

IS 

6 

r 

2 

221 

56     27 

01) 

10 

56     22 

69 

27 

7 

s 

3 

331 

5i;     22 

7(1 

21 

r^    22 

75 

58 

58 
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The  new  pyramid  y'=2  =  {22l}  is  present  on  two  crystals,  the  faces 
giving  good  reflections.  Fig.  1  shows  one  crystal  on  which  this  form 
occurs. 

The  new  pyramid  6'=3  =  {33l}  is  present  on  only  one  crystal  and 
but  one  face  of  the  form  occurs.  The  relative  size  of  the  face  is 
about  the  same  as  that  of  the  preceding-  pyramid.  The  reflection  was 
fair. 

The  braclrydomes  are  usually  deeply  striated,  rendering  it  difficult 
to  determine  with  certainty  any  domes  present.  On  two  crystals 
reflections  were  obtained  from  two  faces,  measurements  of  which 
agree  with  the  angles  calculated  for  the  form  {034}.  The  form  is 
rather  uncertain  and  is  not  included  with  the  others. 


Measured. 
<J>  P 

0°  23'     28°  07'  —  14' 
0°  00/     28°  07/ 


Calculated. 
0°  00'     28°  59' 


The  combinations  observed  on  the  crystals  measured  are  shown  in 
the  following  table: 

Cryst.  No.         c  b  m  d  e  r  s 


1 

m 

d 

2 

b 

m 

d 

3 

m 

d 

4 

c 

h 

m 

d 

5 

b 

m 

d 

6 

c 

m 

d 

Fig.  5. — Lawsonite. 


The  following  table  is  a  calculation  of  the  two  new  forms  corre- 
>onding  to  the  tables  given  in  Goldschmidt's  Winkeltabellen. 


Io. 

Let- 
ter. 

Sym- 
bol. 

Mil- 
ler. 

<*>• 

p- 

fP. 

JJo- 

£• 

!?• 

X 

(Prism) 
(x:y). 

V- 

d= 

t(J  p- 

o   / 

o   / 

o   / 

o   / 

o   / 

O    1 

6 

r 

2 

221 

56  22 

69  27 

65  45 

55  54 

51  13 

31  14 

2.2204 

1.4770 

2.<;<>67 

7 

X 

3 

331  56  22 
1 

75  58 

73  17 

65  42 

5:;  53 

32  30 

3.3306 

2.2155 

4.0001 
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Material  carefully  purified  by  the  Thoulet  solution  followed  by 
repeated  electromagnetic  extraction,  and  having-  then  a  specific  gravity 
of  3.121  at  25°,  gave  the  following  results  on  analysis: a 


Molecular 
ratio. 


Calculated  for 

the  formula 
H4CaAl„Si,,O10. 


Si02 

Ti02 

AlA 

FeA -- 

FeO 

MnO 

CaO 

MgO 

K20 

Na20 

H20  (ignition) 

Total . . . 


38.45 
.38 

31.35 

.86 

.10 

faint  tr. 

17.52 
.17 
.23 
.06 

11.21 


1.98 


38.  34 


97 


1.  00 


1.95 


100.33 


32.  44 

17.80 

11.42 
100.00 


Titanium  is  not  considered  in  the  ratio  because  probably  present  as 
an  inclusion  of  rutile  or  titanite.     If  the  latter,  the  ratio  would  per- 
haps approximate  still  more  closely  to  the  theoretical  than  it  does. 
The  agreement  with  the  formula  deduced  by  Ransome  and  Palache 
from  their  rather  widely  differing  analyses  is  very  .satisfactory.     The' 
behavior  of  the  mineral  before  the  blowpipe  is  somewhat  different 
from  that  given  by  those  authors,  or  rather  their  statement  needs 
amplification.     On  first  applying  the  ffame  a  splinter  appears  to  fuse* 
easily,  as  stated,  and  there  is  formed  a  blebby  glass,  or  on  large] 
splinters  a  porous  sinter,  but  this  fusing  is  only  momentary,  and  i1i| 
requires  the  highest  heat  attainable,  under  which  the  fragment  emifat 
quite  an  intense  light,  to  produce  a  further  softening  and  rounding  o: >i 
the  edges.     If  a  rather  large  splinter  is  held  in  the  flame  of  the  blown.) 
pipe,  or  in  a  small  flame  of  a  blast  lamp,  a  very  sudden  and  markec 
exfoliation  is  observed,  but  even  the  extruded  points  and  edges  do  no 
fuse  complete^  in  the  highest  attainable  heat.     The  semifused  surface 
however,  appears  dark  on  cooling,  sometimes  nearly  black  where  th< 
heat  was  most  intense.     In  producing  this  exfoliation,  if  care  is  take) 
to  apply  the  flame  but  for  a  moment,  it  has  been  noticed  that  a  singu 
larly  shaped  excrescence  ma}T  shoot  out  from  a  point  of  the  surface* 

a  Concerning  this  purified  material,  Doctor  Ransome  reports  as  follows: 

"I  should  say  the  material  is  as  pure  as  it  is  possible  to  get  it.    The  grains  are  all  lawsonite,  bi 
vary  in  individual  purity.    Some  are  perfectly  clear.    Others  have  minute  inclusions,  which  appef 
in  most  cases  to  be  solid  particles  but  are  too  minute  for  identification.    One  of  them,  however,  Wi  »j 
suggestive  of  rutile.     Some  of  the  grains  are  slightly  clouded  with  a  yellowish  stain  which  the  nncr  j 
scope  is  unable  to  resolve  into  distinct  particles.    There  are  apparently  a  few  fluid  inclusions  also 


THE  COMPOSITION  OF  YTTRIAL1TE.  WITH  A  CRITICISM  OF  THE 
FORMULA  ASSIGNED  TO  THALfMTE. 


By  W.  F.   HlLLEBRAND. 


In  a  paper  describing  the  new  yttrium  silicate  thalenite,"  the  author, 
C.  Benedicks,  casts  doubt  on  the  formula  assigned  by  Hidden  and 
Mackintosh*  to  their  mineral  yttrialite  from  Llano  County,  Tex.,  for 
which  they  deduced  the  formula  R20.52Si02  or  R2Si207,  in  which  R203 
includes  the  sesquioxide  equivalents  of  very  considerable  percentages 
of  monoxides  and  dioxides.  Benedicks  would  assign  yttrialite  to  a 
group  of  which  rowlandite  is  the  prototype  and  to  which  he  believes 
thalenite  and  kainosite  belong,  these  being  either  plain  basic  salts  of 
H6Si207  of  the  type  R"K/"4Si4015  or  derivatives  in  which  the  fifteenth 

xy gen  atom  is  replaced  by  its  equivalent  in  fluorine  (rowlandite)  or 

X)3  (kainosite),  as  shown  below. 


YeeS107=Y\ 
H2<  >0 

Y  =  Si207  =  Y/ 

Y  =  Si2Q7  =  Yx 
Fe<  >0 

Y  =  Si207  =  Y/ 

Y  =  8i207  =  Y-Fl 
Fe< 

Y  =  Si207  =  Y-Fl 

Ca  =  Si207  =  Y 
H4< 
Ca=Si207  =  Y 


Thalenite. 
Yttrialite. 
Rowlandite. 
CO,      Kainosite. 


Benedicks  says: 

Dem  Yttrialit,  von  Hidden  and  Mackintosh  beschrieben,  sollte  die  Formel  R20:!, 
5i02  zukommen,  worin  R  hauptsachlich  Ytter-  und  Thorerde  ist.  Dabei  wird  aber 
i.  4%  Eisenoxydul  in  der  Analyse  vernachlassigt.  Wird  dies  nebst  etwas  Kalk  und 
|leioxyd  mitgerechnet,  so  bekommt  man  die  Formel  Fe//0,  2R20:!,  4Si(  >.,,  analog 
lit  der  des  Thalenits,  welche  besser  die  Zusanimensetzung  des  Yttrialits  wiedergibt, 
deich  die  Ubereinstimmung  gar  nicht  gut  ist. 


a  Bull.  Geol.  Inst,  Upsala,  4,  1898, 1. 
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It  is,  however,  not  true  that  Hidden  and  Mackintosh  neglected  to 
take  account  of  the  ferrous  iron,  etc.,  of  their  analysis.  It  was 
regarded  in  the  derivation  of  their  empirical  formula  R2Si207.  How 
wholly  unwarranted  was  the  substitution  by  Benedicks  of  his  formula 
for  yttrialite  is  shown  by  the  molecular  ratio  for  RO:  R203:Si02,  which 
he  gives  as  1:2:4  instead  of  1:3.25:7.42,  as  calculated  by  me  from 
Mackintosh's  figures,  wherein  for  a  sound  reason  I  have  converted  hi 
UO.{  into  U02,  thus  throwing  it  with  the  Th02,  where  it  naturally 
belongs.     The  agreement  is  indeed  "gar  nicht  gut." 

Benedicks  has  made  the  grave  mistake  of  counting  Mackintosh! 
monoxide  bases  a  second  time,  thus  making  a  basic  salt  R"R'"4  Si40| 
instead  of  the  normal  one  R'"4  Si4Ou,  to  which  Mackintosh's  results 
closely  conform. 

DISCUSSION  OF  BENEDICKS'S  FORMULA  FOR  THALENITE, 

Moreover,  in  the  light  of  the  data  furnished  by  Benedicks  himsek 
it  can  not  be  admitted  that  the  formula  H2Y4Si4015  for  thalenite  i; 
established. 

Water  was  determined  by  him  according  to  Penfield's  method/'  bu 
without  any  hint  as  to  the  particular  modification  employed.  If,  ai 
seems  probable,  the  water  expelled  from  the  mineral  was  caused  a 
recondense  in  the  cooler  part  of  the  ignition  tube,  the  latter  bein< 
then  weighed,  and  again  after  driving  the  condensed  water  out,  tw< 
serious  sources  of  error  have  to  be  considered:  (1)  The  C02  present  i 
the  mineral,  which  would  count  in  part  as  water  unless  a  very  carefu 
correction  was  made,  as  provided  for  by  Penfield.  No  mention  i 
made  by  Benedicks  of  any  such  correction.  (2)  Nitrogen  and  heliur  i 
are  said  to  comprise  1.4  per  cent  of  the  mineral  by  weight.  If  sc 
these  would  introduce  an  error  in  the  above  water  determination  c  I 
contrary  sign  to  that  due  to  C02,  and  if  the  proportion  of  helium  wen 
large  this  error  might  be  of  very  considerable  magnitude. 

In  an  appendix  to  his  paper  Benedicks  gives  an  analysis  of  what  1 
considers  to  be  a  very  pure  form  of  thalenite.     He  makes  no  compa 
ison  of  this  with  his  earlier  analysis,  nor  does  he  deduce  a  molecuh 
ratio,  which  I  find  to  be  1:2.6:5.15,  or  1:3.03:6.02  if  small  amount] 
of  lime,  magnesia,  and  soda  are  neglected,  instead  of  1:2:4,  as  require 
by  his  formula.     There  being  no  C02  in  this  purer  material,  the  vah 
for  water  (if  determined  as  above  surmised)  ma}r  be  supposed  to  1  < 
affected  only  by  the  error  due  to  nitrogen  and  helium.     It  will  1 
seen  that  the  neglect  to  regard  lime,  magnesia,  and  soda  in  his  secoi 
analysis  affects  the  ratio  very  seriously.     This  neglect  may  be  justitii  < 
in  figuring  on  his  first  analysis  because  of  an  approximate  balanciiij 
by  C02,  but  it  would  be  by  no  means  so  in  the  other,  in  spite  of  t 
very  satisfactory  ratio  obtained  and  leading  to  the  empirical  formi 
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£"R'"6  Si6022,  which  is  susceptible  of  a  variety  of  interpretations.  It 
nay  represent  a  basic  salt  of  diorthosilicic  acid  R"R"'5(R"'0)'(Si207)3 
>r  of  metasilicic  acid  R/'R",8(R"'0)'4(Si08)6,  or  possibly  even  of  other 
icids. 

Finally,  if  the  values  for  nitrogen  and  helium  arc4  really  anywhere 
iear  so  great  as  given,  an  additional  argument  against  the  validity  of 
lis  formula  is  furnished.  For  in  the  light  of  Kohlschutter's  recent 
researches'*  and  my  own  less  conclusive  work  of  a  much  earlier  date,6 
t  is  in  the  highest  degree  probable  that  nitrogen  and  helium  are  not 
occluded  in  uraninite  and  other  minerals,  but  are  in  chemical  combina- 
tion. Now,  if  this  is  so,  in  a  mineral  containing  as  much  as  1.4  per 
lent  of  nitrogen  by  weight,  this  must,  quite  irrespective  of  its  form  of 
combination,  play  so  important  a  role  in  the  molecule  as  to  utterly 
nvalidate  any  formula  based  on  calculations  from  which  it  is  omitted. 
[f  the  above  percentage  is  made  up  in  large  part  of  helium,  its  effect, 
because  of  its  low  atomic  weight,  must  be  vastly  greater  than  that  of 
iitrogen. 

Until  light  is  thrown  on  the  nature  of  the  combinations  these  two 
?ases  form  in  minerals,  no  very  positive  conclusions  can  be  reached  as 

0  the  formulas  to  be  assigned  to  those  minerals  which  contain  them  in 
nore  than  traces. 

CHEMICAL  INVESTIGATION  OF  YTTRIALITE. 

At  the  earnest  request  of  Mr.   W.   E.    Hidden,  the  discoverer  of 
ttrialite,  I  undertook  to  reanalyze  the  mineral  in  order  if  possible  to 

fettle  definitely  the  question  of  its  composition.     This  seemed  espe- 

ially   desirable    since   a   large   quantity  of   very  line   material   was 

[vailable. 
The  appearance  and  behavior  of  the  mineral  agreed  in  all   respects 
xcept  one  with  those  of  the  original  description/     It  is  there  stated 

dat  the  strongly  ignited  mineral  is  insoluble  in  acid.     This  is  a  mis- 
ike,  for  when  powdered  its  solubility  in  hydrochloric  acid  is  even 
en  perfect,  although  not  rapid. 
Careful  examination  of  thin  sections  under  the  microscope  showed  a 

'jmdition  that  augured  ill  for  decisive  analytical  results  despite  the 
parently  tine  quality  of  the  large  specimens.  Distinctly  foreign 
ineral  fragments  were  as  good  as  absent  except  for  insignificant 
>atings  of  a  white  alteration  product,  presumably  a  carbonate,  but 
tasiderable  shading  was  apparent  in  the  slides,  indicative1  of  alter- 

"lion  or  intimate  contamination  in    the  mass  of    the    mineral    itself. 

1  pwever,  after  treatment  with  hot  dilute  hydrochloric  acid  (whereby 
ich  y  ttrialite  was  dissolved)  followed  by  dilute  sodium  carbonate,  tin1 


"Ann.  derChem.,  317,  1901,  p.  L58. 

6 Bull.  U.  S.  Geol.  Survey  No.  78,  1891,  pp.  76  78. 

cAa  Jour.  Sci.,  ser.  3,  vol,  38,  1889,  p,  477. 
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clear  glass}^  residue  appeared  to  be  improved  in  appearance  and  th 
specific  gravity  of  two  samples,  each  composed  of  small  grains  uniforr 
in  size  for  each  sample,  had  risen  from  4.596  and  4.590  to  4.654  a 
23i°C.  and  4.646  at  26°  C,  respectively.  The  two  sizes  were  the 
mixed,  giving  one  sample  of  about  4.65  sp.  gr.  at  25°  C.  That  of  th 
unpuritied  material  analyzed  by  Mackintosh  was  4.575. 

Qualitative  tests  showed  the  absence  of  zirconium,  glucinum,  an 
aluminum  and  the  presence  of  a  little  more  than  a  trace  of  fluorine,  o 
a  very  little  carbon  dioxide,  besides  some  other  gases  which  were  se 
free  by  treatment  with  acids  and  by  fusion  with  an  alkali  carbonate] 

Silica  was  separated  by  two  evaporations  with  hj'drochloric  acid 
lead  was  then  thrown  out  by  hydrogen  sulphide. 

The  earths  when  finally  collected  together  free  from  all  iron,  man 
ganese,  uranium,  titanium,  phosphorus,  calcium,  and  magnesium 
were  ignited  and  weighed.  No  filtrate  from  a  precipitate  of  eartl 
oxalates  was  ever  regarded  as  free  from  earths  till  after  evaporating 
igniting,  and  retesting.  This  is  a  needed  precaution  in  all  simila 
analyses. 

The  combined  earths  were  dissolved  in  nitric  acid  and  evaporated  t 
dryness.  A  saturated  solution  of  potassium  sulphate  was  poured  upo 
the  dry  mass,  which  wholly  dissolved  but  almost  at  once  began  to  d( 
posit  double  sulphates.  Solid  potassium  sulphate  was  then  added  i 
crystals.  After  twenty- four  hours  the  precipitate  was  collected  on 
filter  and  washed  Avith  the  precipitant  solution.  Twice  was  this  pr< 
cipitation  repeated  after  first  dissolving  the  double  salts  in  acid,  pr< 
cipitating  by  potassium  hydroxide,  washing,  redissolving  in  nitr: 
acid,  and  evaporating.  Then  onty  was  the  extraction  of  the  yttriun 
erbium  group  practical^  complete.  From  the  combined  filtrates  t\ 
soluble  earths  were  thrown  out,  reconverted  into  nitrates,  and  agai 
treated  with  potassium  sulphate,  whereby  a  little  further  insolub 
matter  was  obtained.  Yttrium-erbium  oxides  obtained  from  the  ox, 
lates  gave  a  light-colored  mixture  of  265.6  Mol.  W.  (108.8  At,  W. , 
which  furnished  a  pink  nitrate  solution  showing  the  erbium  absorjij 
tion  bands  strongly  marked,  with  Very  faint  indications  of  the  stronj  • 
est  band  of  the  didymium  components. 

The  insoluble  sulphates  were  converted  into  chlorides  and  thH 
treated  with  potassium  hydroxide  and  chlorine  to  precipitate  thoriu  ij 
and  cerium.     From  the  filtrates  the  soluble  earths  were  recovered  ai  : 
subjected  to  a  repetition  of  this  treatment.     Their  oxides  after  puri 
cation  were  light  dirty  brown  when  heated  over  the  Bunsen  flame,  b 
grayish  white  when  blasted.     Their  Mol.  W.  was  335.5  (At.  W.  143/ 
their  nitrate  solution  was  pink  and  gave  the  characteristic  didymiuij 
component  absorption  bands  altogether  free  from  those  of  the  erbiu  ij 
constituents. 
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Cerium  and  thorium  wore  separated  by  a  combination  of  the  am- 
aonium  oxalate  and  thiosulphate  methods.  The  weighed  thoria  was 
aire  white,  the  ceria  of  a  pale  salmon  color. 

The  condition  of  the  uranium  was  shown  by  its  precipitability  as 
Btranuoride  on  dissolving  the  mineral  in  hydrofluoric  acid.  This 
eaction  afforded  a  ready  means  of  estimating  with  exactness  the 
errous  iron  by  permanganate  after  rapidly  filtering  off  the  fluorides 
frecipitated  in  an  atmosphere  of  carbon  dioxide.  Solution  of  the 
lineral  in  a  sealed  tube  with  dilute  sulphuric  acid  allowed  of  finding 
he  oxygen  value  of  both  U02  and  FeO  b}^  permanganate.  The  result 
bus  found  for  U02  agreed  marvelously  well  with  that  calculated  from 
be  U308  found  gravimetrically  in  a  separate  portion. 


Hillebrand. 

Mackintosh. 

Molecular 
ratios. 

Molecular 
ratios. 
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), 
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100.  00 

99.  75 

1  II   «Volumetrical!y.    Gravimetrically  1.62  per  cent. 

•     bGiven  as  .83U03  bv  Mackintosh. 
.1  t     cAt.  W.  143.8  (Mol. W.  335.6). 

[I  dAt.  W.  162  (Mol.  W.  372). 
<?At.  W.  108.8  (Mo!.  W.  265.6). 
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/"At.  VV.  110.3  (Mol.  W.  20s. 6). 
(/At.  W.  110.53  (Mol.  W.  269.06). 
h\t.  W.  114.9  (Mol.  W.  277.8). 
*At.  W.  120  (Mol.  W.  288). 
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Nitrogen  (?)  and  helium  (?)  were  obtained  quantitatively  by  fusing 
the  mineral  with  sodium-potassium  carbonate  in  a  current  of  carba 
dioxide  and  collecting-  the  gases  in  a  nitrometer  over  potassiJ 
hydroxide.  The  volume  was  between  one  and  two  cubic  centimeter 
per  gram  of  yttrialite.     The  gases  were  not  further  examined. 

The  analysis  is  given  above,  together  with  that  of  Mackintosh  id 
comparison. 

The  ratios  of  Mackintosh's  analysis  as  calculated  above  by  me  ai| 
certainly  wrong  in  so  far  as  they  are  affected  by  the  value  for  iron 
which  he  assumed  to  be  wholly  ferrous.  If  corrected  in  accordanc 
with  the  statement  of  my  analysis,  or,  what  amounts  to  the  same  thin 
for  the  purpose  of  illustration  and  is  simpler,  if  my  ratio  is  altered  t 
conform  to  his  statement  for  RO  and  R303  bases,  it  becomes  .00441 
.1882 — a  very  close  agreement. 

It  is  altogether  probable  that  Mackintosh's  separations  of  the  cart! 
were  not  so  far  reaching  as  mine,  and  this  belief  is  borne  out  by  tl 
differences  in  the  experimental  molecular  weights  for  the  lanthanuii 
and  yttrium  groups,  mine  being  more  in  accordance  with  what  migl 
be  expected  and,  moreover,  agreeing  almost  exactl\T  with  those  wine; 
were  found  b}^  me  for  rowlandite  in  1893,  namely,  880.8  and  2$6'. 
respectively." 

It  is  of  course  impossible  to  sa}^  what  disposition  should  be  made'! 
the  small  amounts  of  firmly  held  water,  phosphorus,  carbon  dioxid J 
fluorine,  and  alkalies.  The  ratios  of  my  analysis  are,  therefore,  to  J 
slight  extent  incorrect,  but  probably  not  enough  to  influence  anj 
conclusions  that  may  be  drawn.  One  thing  is  apparent,  that  the  pi  i 
liminary  purification  by  acid  has  had  no  pronounced  effect  on  t 
composition  of  the  mass  acted  on,  otherwise  Mackintosh's  and  n| 
analyses  should  show  far  greater  differences  in  the  main  constituent] 

The  crude  empirical  formulas  deducible  from  the  ratios  of  the  tNl 
analyses  are  nearly 

Hillebrand R"01     R"'3 86     R""47     (Si,07)247  J 


Mackintosh R"       R'" 


R""1S     (SiAL 


a  The  three  minerals  gadolinite,  yttrialite,  and  rowlandite  occur  in  Llano  County  in  most  intin 
association,  suggestive  of  close  community  of  origin,  a  suggestion  which  is  emphasized  by  the  I  f  j 
velous  agreement  for  gadolinite  and  yttrialite.  not  only  in  the  relative  proportions  of  the  triva 
earth  metals  but  in  their  absolute  amounts  as  well. 


Gadolinite  (Genth) 
Do 


Gadolinite  (  Eakins) 

Yttrialite  (Hillebrand)..-. 
Rowlandite  (  Hillebrand) 


Y,0*  (  1  I 


This  concordant  testimony  of  three  analysts  may  be  regarded  as  strong  evidence  of  the  corred 
of  the  earth  separations  made  by  them  in  these  cases.  Nearly  the  same  relation  is  shown b; 
trivalent  earth-metals  of  rowlandite,  as  seen  in  the  table  above. 
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here  being  a  slight  deficiency  of  oxygen  atoms  in  each  case  for  the 
radical  Si.,();,  which  is  increased  by  allowing  for  the  CO.,  and  P205. 

In  so  far  then  as  the  character  of  the  acid  radical  is  concerned  the 
results  of  Mackintosh's  analysis  are  fully  confirmed,  and  there  is 
ibsolutely  no  ground  for  accepting  Benedicks's  basic  formula,  which, 
is  I  have  already  shown  (p.  62),  is  based  on  a  palpable  error.  Hut 
;he  ratios  are  not  at  all  such  as  to  lend  themselves  to  ready  resolution 
into  isomorphous  salts  of  the  acid  H6Si207.  By  doing  quite  unwar- 
ranted violence  to  the  analytical  data  the  above  formulas  might  be 
reduced  to 

R"     R'"6     R""     (Si207)4 

which  can  be  readily  represented  structurally  as  a  single  complex 
molecule  or  as  a  mixture  of  molecules  like  3R'"2Si207-|-R"R""Si207. 
In  neither  case,  however,  is  the  type  of  the  rowdandite  molecule 
approached,  which  requires  an  altogether  different  ratio  of  monoxide, 
Hioxide,  and  trioxide  bases;  nor,  if  the  second  be  accepted,  is  it  at  all 
dear  that  the  two  molecules  would  be  mineralogically  equivalent — 
that  is,  isomorphous. 

An  alternative  hypothesis  is  to  regard  the  mineral  as  a  mixture 
ontaining  the  anhydrous  thorite  molecule.  Proceeding  on  this 
issuinption  and  deducting  all  thorium  and  uranium  and  the  proper 
imounts  of  silicon  and  oxygen,  the  crude  empirical  formulas  become 

Mackintosh .    R"65     R'"373     Si4380  1501 

Hillebrand  _      R"61     R'"386     Si4470  1533 

vh'wli  may  be  interpreted  as  basic  salts  of  metasilicic  acid: 

R"65    R'"185    (R'"0)'187     (Si03)438 
R"61    R'"194    (R'"0)'1M    (Si():;)Mi 
or    R"        R'"3       (R'"0)'3       (SiOs)7 

lis   last    being  easily   susceptible    of  symmetrical    representation   in 
•aphic  form. 

On  the  whole,  I  prefer  to  leave  the  constitution  of  yttrialite  unsettled 
itil  further  evidence  can  be  gathered,  either  from  analyses  of  allied 
inerals  or  from  yttrialite  itself  of  more  certain  purity  than  any  that 
is  yet  been  discovered. 

It  must  not  be  forgotten  that  the  gases  other  than  CO.,  contained  in 
e  mineral  may  be  the  cause  of  the  inability  to  arrive  at  satisfactory 
nclusions  in  the  case  of  this  and  all  other  minerals  which  contain 
em,  as  I  have  already  pointed  out  on  page  63. 

My  excuse  for  such  a  lengthy  publication  on  a  matter  still  unsettled 

the  desire  to  prevent  general  acquiescence  in  the  grouping  under  one 

e  of  minerals  which  can  by   no  means   be  regarded  as  proved   to 

ong  to  that  type,  and  to  which  yttrialite  certainly  does  not  belong. 
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SUMMARY. 

The  empirical  formula  of  Hidden  and  Mackintosh  for  yttrialite  i 
confirmed,  and  it  is  shown  that  the  basic  formula  of  Benedicks  rest: 
on  error  and  has  no  standing. 

The  formula  of  Hidden  and  Mackintosh  is  not,  however,  susceptibli 
of  representation  as  a  simple  salt  of  the  acid  H6Si207.  On  the  pure! 
hypothetical  assumption  of  admixture  of  anhydrous  thorite,  the  remain 
ing  constituents  afford  ratios  conforming  quite  closely  to  those  of  i 
basic  metasilicate  WR'"9(R"fOy9  (SiOs)r 

It  is  shown  for  two  reasons  fully  discussed  that  the  formula  propose( 
by  Benedicks  for  thalenite  is  to  be  regarded  as  doubtful. 


PSEUDO-SERPENTINE  FROM  STEVENS  COUNTY,  WASHINGTON. 


By  F.  \Y.  Clarke 


In  the  course  of  an  investigation  upon  the  ornamental  stones  of 
ravens  Count}',  Wash.,  Mr.  R.  W.  Thatcher  and  Trot'.  Elton  Fulmer, 
f  the  State  Agricultural  Experiment  Station,  examined  a  supposed 
grpentine  which  proved  to  have  quite  anomalous  composition.  To 
be  unaided  eye  the  rock  was  ordinary  serpentine  oi'  a  typical  yellowish 
pen  color;  it  was  fairly  homogeneous,  and  capable  of  receiving  a  line 
olish.  Incomplete  analyses,  however,  by  both  o\'  the  above-named 
feemists  showed  that  it  was  not  serpentine,  and  as  I  had  been  consulted 
itli  regard  to  the  interpretation  of  the  data,  a  sample  was  sent  to  me 
>r  more  exhaustive  study. 

Accordinc;-  to  Prof.  S.  Shedd  o{  the  Washington  Agricultural  Col- 

ge,  who  is  conducting  the  investigation,  the  rock  is  from  the  quarry 

the  United  States  Marble  Company.  L2  miles  north  and  west  from 

ftlley,  a  station   on   the  Spokane   Falls  and    Northern   Railroad.      It 

itcrops  on  the  face  i)(  a  high  bluff  at  an  elevation  oi  about  d,o70  feet 

ove  sea  level,  and   forms  a  wedge-shaped  mass  cutting  across  the 

untains  in  a  direction  5     west  oi  north.      The  adjacent  rocks  are 

ktes,  which  lie  conformably  upon  a  very  coarsely  crystalline,  dark, 

nost   black,  magnesian  carbonate.     The  "serpentine"1  itself  varies  a 

od  deal   in   color,   and  a   series  o(   samples   in   the    United    States 

tional   Museum  show    that  the  output  o(    the  locality   is  far  from 

iforin.     They  range  from  a  white  carbonate,  through  various  inter- 

diate  mixtures  of  the  verde  antique  type,  to  material  which  appears 

he  ordinary   serpentine.      The  latter,  however,  as  shown   by   the 

pentine  under  consideration.   is  distinctly   laminated  in   structure, 

|1  exhibits  a  splintery  fracture.     An  analysis  by  Mr.  George  Steiger 

e  the  following  results: 

SiO, 13. 08 

A I  .< >.. 1 .  63 

l-\ !2(  >3 L.  25 

FeO 19 

Mg< ) 56.  H 

( !a< ) 33 

H2Oa1  100 85 

H20  above  100 23.  94 

C02 2.  03 

99.  74 
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These  figures  at  once  suggest  a  probable  admixture  of  brucite  with' 
the  serpentinous  material,  and  a  microscopic  examination  by  Mr.  fJ.  S. 
Diller  tends  to  confirm  this  supposition. 

According  to  Mr.  Diller  the  specimen  is  mainly  composed  of  three 
minerals,  a,  b,  and  c.  The  first  two  have  nearly  equal  indices  of  re- 
fraction, but  differ  widely  in  birefringence.  The  mineral  a  is  the 
most  abundant.  In  transmitted  light  it  is  colorless,  but  between 
crossed  nicols  it  exhibits  brilliant  colors.  The  mineral  b  is  pale  greenj 
and  intermingled  with  a.  Its  birefringence  yields  weak  colors,  quite 
characteristic  of  chlorite.     In  quantity  it  is  less  than  one-fourth  of  d 

Mineral  c  is  granular,  in  scattered  grains  and  irregular  groups  with 
a  high  index  of  refraction  and  a  birefringence  which  suggests  :t  car- 
bonate, but  it  does  not  effervesce  with  a  dilute  acid.  It  amounts  to 
not  more  than  5  per  cent  of  the  whole.  Mineral  b  is  certainly  chlorite, 
and  a  may  be  brucite  or  possibly  serpentine. 

By  applying  Air.  Diller's  observations  to  the  analysis  of  the  rock, 
the  proximate  composition  of  the  latter  may  be  deduced;  although 
certain  assumptions  must  be  made.  The  carbonate  present  is  proba-" 
bly  hydromagnesite,  for  that  species  is  a  frequent  associate  of  brucite. 
The  composition  of  the  chlorite  is  unknown,  but  it  may  be  interpreted 
as  essentially  clinochlore,  and  as  proportional  to  the  ferric  oxide  and 
alumina.  So  much  assumed,  the  analysis  gives  the  following  approxi- 
mate results  expressing  the  composition  of  the  specimen: 

Hydromagnesite <r> 

Chlorite 14 

Serpentine 20 

Brucite _ 60 

E  x  t  raneous  water 1 . 

Total 100 

In  this,  four  minerals  appear  instead  of  three,  but  the  microscopic 
examination  did  not  attempt  to  discriminate  between  the  brucite  and  ; 
the  serpentine. 

In  order  to  obtain  evidence  confirmatory  of  the  foregoing  con- 
clusions, a  few  experiments  were  made,  tending  toward  fractional; 
determinations.  Upon  digesting  the  powdered  rock  for  two  hours 
with  cold,  dilute  nitric  acid  (10  per  cent  by  volume),  1.32  per  cent  oi 
Fe203+Al203  and  1:7.29  per  cent  Mg()  went  into  solution.  In  a  similar- 
experiment  with  cold,  20  per  cent  acetic  acid,  0.69  Fe.,();!+  ALO.,  anc 
45.64  MgO  were  extracted.  Brucite  dissolves  readily  in  acids  of  th( 
indicated  strength,  but  some  chlorite  was  evidently  attacked  as  well 
I  also  found  that  ordinary  serpentine  was  quite  appreciably  acted  upoi 
by  weak  acetic  acid.  These  experiments,  then,  merely  show  that  th< 
rock  contains  a  large  amount  of  magnesium  in  a   very  easily  solubl< 
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uidition,  the  quantity  equivalent  to  60  percent  of  brucite  being 4  L.4. 
he  results  are  in  harmony  with  the  conclusions  already  reached,  and 
pp  to  support  them,  although  accurate  fractional  determinations  can 
ot  he  made.  The  rock  is  unusual  in  character,  and  if  the  sample 
ttimined  is  fairly  characteristic  of  the  entire  deposit,  (he  latter  should 
3  carefully  studied  in  reference  to  its  origin  and  its  geological 
Nations. 


ON  "CALIFORNITE." 


By  F.  W.  Clarke  and  George  Steiger. 


In  1901  Mr.  G.  F.  Kunz  a  called  attention  to  a  remarkable  massive 
variety  of  vesuvianite,  discovered  in  California  by  Mr.  A.  E.  Heigh- 
way,  and  which  at  first  was  thought  to  be  jade.  A  second  locality  foi 
the  mineral,  remote  from  the  first,  was  found  some  time  later,  and 
here  the  vesuvianite  was  accompanied  by  another  substance,  which 
proved  upon  examination  to  be  an  unusual  modification  of  garnet. 
For  the  vesuvianite  Mr.  Kunz  proposed  the  varietal  name  "califor- 
nite,"  and  at  first  the  garnet  was  supposed  to  be  the  same  species,  bul 
different  in  color.  Samples  of  all  three  minerals  were  sent  to  the 
laboratory  of  the  United  States  Geological  Survey  for  analysis,  anc 
the  results  obtained  are  given  below.6 

A.  Vesuvianite  from  the  south  fork  of  Indian  Creek,  12  miles  fron 
Happy  Camp,  Siskiyou  County,  Cal. 

B.  Vesuvianite  from  Fresno  County,  Cal.,  35  miles  east  of  Selma. 

C.  White  garnet,  found  with  or  near  vesuvianite  B. 


SiO, 


Fe203 

FeO 

MnO 

MgO 

CaO 

H/)  at  105° 
H20  above  105° 

Ti02 

CO, 


LessO=F 


Specific  gravit; 


A.  Vesuvi 
anite. 


35.  86 

18.35 

1.67 

.39 

.05 

5.  43 

33.  51 

.29 

4.18 

.10 


.02 
none 

"99785^ 


B.  Vesuvi- 
anite. 


36.  55 
18.89 

.74 

.74 

none 

2.  33 

35.97 

.58 
3.42 
none 

.91 


L3 


100.26 
.05 


100.  21 
3.  359 


C.  Garnet. 


38.  59 

22..  24  • 
.45 
.36 
.1C 
.64 

35.  97 
.31 
.8( 

none 
.3< 


.1' 


100.01 

.o: 


99.  9! 
3.  51 


«  Mineral  Resources  U.  S.  for  1901,  U.  S.  Geol.  Survey;  1902,  p.  717. 
4th  ser.,  vol.  16,  1903,  p.  397. 
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These  analyses  may  be  reduced  to  uniform  type  as  follows:  Throw 
out  hygroscopic  water,  P205,  and  C02,  with  the  equivalent  amount  of 
lime  representing  calcite.  Recalculate  Ti02  to  equivalent  Si(),;  Fe203 
to  Al2(),;  FeO,  MnO,  and  MgO  to  CaO,  and  F  to  H2().  Then  recom- 
pute  to  100  per  cent.     The  reduced  analyses  are  as  follows: 


Analyses. 

Molecular  ratios. 

A. 

B. 

c. 

A. 

B. 

C. 

Si02 

Al„(), 

35. 58 

19.  24 

41.03 

4.15 

37.  28 

19.74 

39.  42 

3.  56 

39.  09 
22.  82 
37.  22 

.87 

0.  589 
.188 
.731 
.231 

0.617 
.193 
.  703 
.197 

0.  (547 
.  223 

CaO 

.064 

H\,0 

.048 

100.  00 

100.  00 

100.  00 

Analysis  C  gives  the  garnet  ratios  quite  sharply,  but  as  the  mineral 
was  white  and  massive,  somewhat  resembling  chalcedony,  its  nature 
was  at  first  unsuspected.  Its  density  is  that  of  garnet,  however,  its 
usibility  is  the  same,  and  in  thin  section  under  the  microscope  it  is 
optically  isotropic.  It  is  undoubted^  garnet  containing  as  an 
mpurity  about  1  per  cent  of  calcium  carbonate. 

Analyses  A  and  B  are  less  easily  interpreted.  B  gives  approx- 
mately  the  empirical  formula:  2H20,  2A1203,  TCaO,  6Si02;  or,  con- 
titutionally, 

Al2Ca7  (Si04)6  (AlOH)  (A102H2)  H. 

If  part  of  the  ivater  is  extraneous,   the  following-  much  simpler 
•rmula  may  hold: 

Al2Ca7  (Si04)fi  (A10H)2; 

id  this  fairly  represents  a  good  many  other  analyses  of  vesuvianite, 

jut  not  all.     Vesuvianite  varies  in  composition,  and  its  variations  are 

Lther  troublesome  to  interpret,  for  they  may  signify  either  actual 

jifferences   in    the   mineral   itself,    alterations,    or   impurities.      The 

•nnula  proposed  by  one  of  us"  some  years  ago. 


Al2Car,  (Si04)5  (AlOH), 

a  good  expression  for  the  average  composition  of  the  species,  but  it 
:>es  not  fit  the  extremes. 

fl Clarke,  Bull.  U.  S.  Geol.  Survey  No.  125,  \>.  25. 
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A  careful  study  of  over  40  analyses  of  vesuvianite  leads  us  to  sus- 
pect that  it  may  be  a  mixture  of  several  similar  molecules,  which  we 
can  represent  by  the  subjoined  expressions: 

Al2Ca7(SiOJ6(A10H)2, 
Al,Ca7(Si04)6(A102R,)4, 
Al2Ca7(Si04)6H4, 
Al,Ca7(Si04)6Caa; 

the  first  and  third  compounds  usually  predominating-.  Structurally, 
and  with  due  regard  to  the  analogy  between  vesuvianite  and  other 
species,  these  formulae  may  be  written  as  follows: 


/SiO,=  j  c  /SiO  =  1  (( 

Al— SiO,=  i  uaa  Al— SiO,=  i  L 


R".  \Si04  =  K', 

1 
Ca  Ca 

I  I 

/Si04  =  R".  /Si04=R'2 

Al— SiO,=  |  n  Al— SiO  =  |  n 

\Si04=  j  ^  \SiO  =  \  ^ 

About  one-seventh  of  the  calcium  is  replaced  by  magnesium,  and  in 
the  variety  wiluite  the  group  BOII,  analogous  to  AlOH,  probably 
occurs. 

Vesuvianite,  then,  is  to  be  regarded  as  a  basic  orthosilicate,  belong- 
ing to  a  group  of  compounds  of  which  garnet  is  the  normal  salt. 
Epidote  and  the  scapolites  are  other  members  of  the  same  class,  and 
their  formulae  are  all  strikingly  similar  to  one  another.  As  product 
of  contact  metamorphism  they  originate  under  like  conditions,  anc 
they  all  undergo  alteration  in  much  the  same  way,  yielding  similar  oi 
even  identical  derivatives.  Garnet,  vesuvianite,  epidote,  and  tin 
scapolites  must  be  considered  together  if  the  problem  of  their  const! 
tut  ion  is  to  be  properly  solved. 


THE  ACTION  OF  SILVER  NITRATE  AND  TH ALLOCS  NITRATE 
UPON  CERTAIN  NATURAL  SILICATES. 


By  George  Steiger. 


The  following  investigation  is  practically  a  continuation  of  the 
Bxperiments  which  were  described  by  Clarke  and  Steiger  in  a  recent 
bulletin  of  the  United  States  Geological  Survey/' although  the  new 
work  is  along  somewhat  different  lines. 

In  the  former  research  the  alkalies  and  alkaline  earth  metals  of  cer- 
tain silicates  were  replaced  by  ammonium,  when  the  minerals  were 
heated  in  sealed  tubes  with  ammonium  chloride.  In  the  present  work, 
silver  nitrate  and  thallous  nitrate  have  been  substituted  for  ammonium 
chloride,  the  temperature  employed  being  somewhat  above  their  fusing 
points.  As  was  anticipated,  the  alkalies  and  alkaline  earth  metals 
were  replaced  by  the  heavy  metal,  thus  giving  additional  data  rela- 
tive to  the  constitution  of  the  minerals. 

The  experiments  were  carried  out  as  follows:  The  very  finely  ground 
material  was  mixed  thoroughly  with  various  amounts  of  nitrate  by 

rinding  in  an  agate  mortar,  the  mixture  was  placed  in  a  tube  of  Jena 
glass,  and  the  tube  was  sealed.  These  tubes  were  then  heated  in  a 
bomb  furnace  for  the  specified  time  and  temperature,  then  opened 
tnd  the  contents  leached  with  boiling  water  till  the  filtrate  gave  no 
est  for  nitrates.     The  residue  was  then  dried  and  analyzed. 

In  a  recent  paper/'  the  writer  gave  the  results  of  some  preliminary 
vork  on  analcite  and  chabazite. 

Heumann'  prepared  a  silver  ultramarine  by  boiling  the  native  min- 
eral with  a  solution  of  silver  nitrate,  and  A.  H.  Church'7  made  a  silver 
>hillipsite  by  allowing  a  solution  of  silver  nitrate  to  act  on  the  natural 
uineral  at  ordinary  temperatures  for  almost  three  years. 

For  the  optical  notes  in  the  present  paper,  the  writer  is  indebted  to 
lessrs.  W.  T.  Schaller  and  J.  S.  Diller. 

The  crystals  in  all  cases  were  too  small  to  permit  a  determination  of 

leir  forms.      A   few  optical   observations  were   made,  and    with   the 

xception  of  the  isotropic  compounds,  it  can  be  said  that  all  were 
ntirely  crystalline. 


"  Bull.,  C.  S.  Geol.  Survey  No.  207.  cLieb.  Ann,,  vol.  199  l  1879),  p.  253. 

'-Am.  Jour.  Sci.,  ser.  4,  vol.  l  |.  July,  1902,  p.  31.  *'.Min.  Mag.,  1899,  vol.  12.  p.  «t. 
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Adamite. 

The  analcite  upon  which  the  following  experiments  were  made  was 
well  crystallized  material  from  Table  Mountain,  near  Golden,  Colo. 
Three  silver  derivatives  were  prepared  as  follows: 

A.  Ammonium  analcite  was  heated  in  a  sealed  tube  with  four  times 
its  weight  of  dry  silver  nitrate  for  4  hours  at  250°-290°  C,  then 
leached  with  boiling  water  and  the  residue  dried  on  the  water  bath. 

B.  The  natural  analcite  was  heated  in  a  sealed  tube  with  four  times 
its  weight  of  dry  silver  nitrate  for  4  hours  at  250°-290°  C,  then 
leached  and  the  residue  dried  on  the  water  bath. 

C.  Same  as  B,  but  heated  6  instead  of  4  hours. 

D.  Analysis  of  the  analcite  upon  which  the  experiments  were  made. 
Analysis  gave  the  results  shown  below: 


Si02  . . 

Al  A  - 
Ag20  . 
CaO  .. 
Na20  . 
H20- 
H20+ 
NH3.. 


42.69 

18.22 
32.  01 


68 


In  leach  water: 
Na.,0. 


6.09 
.69 


100.  38 


60 


41.31 
16.44 
37.  45 


.85 
4.29 


100.  34 


13. 13 


40.08 
16.29 
36.  91 


si 


5.  86 


99.  95 


12.57 


55.  72 
23.  06 

.17; 

12.46 
.13 

8.  26  J 


99.  80 


The  products  were  all  perfectly  white,  showing  that  no  free  silvei 
oxide  contaminated  the  residue.  Under  the  microscope  a  small  amounl 
of  the  material  showed  double  refraction,  but  the  larger  portion  of  |i 
was  isotropic  like  the  original  mineral. 

Residue  A  was  boiled  for  15  minutes  with  a  5  per  cent  solution  o 
sodium  carbonate,  and  only  a  trace  of  silica  passed  into  solution.  Wit! 
nitric  acid  the  silver  analcite  gives  sandy  silica,  and  does  not  gelatinizi 
on  evaporation. 

A  portion  of  residue  B  was  heated  on  the  water  bath  for  2£  hour 
with  a  10  per  cent  solution  of  sodium  hyposulphite  and  afterward ;[ 
washed  with  water.     In  the  residue  9.45  per  cent  of  Na.,0  was  found 
showing  that  the  silver  salt  had  been  converted  back  into  the  sodim  ii 
compound,  though  not  completely,  the  theoretical  amount  of  Na2((| 
required  being  14.1  per  cent.    Whether  a  hydrated  salt  had  been  forme 
was  not  determined.     After  treatment  in  a  similar  manner  with  potai 
shim  c}Tanide  10.04  per  cent  of  K.,()  was  found  in  the  residue. 
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Considering  the  various  amounts  of  alkali  contained  in  the  silver 
residues  as  unaltered  analeite,  deducting  the  equivalent  amount  and 
reducing  t ho  remainder  to  LOO,  the  above  analyses  give  the  results 
shown  below:" 


A. 

B. 

c. 

Theoretical 

AgAl 

Si,()„.II,(). 

SiO, 

40.39 

17.27 

36.  65 

5.  69 

40.  28 

15.  92 

39.  78 

4.02 

39.  21 

15.90 

39.16 

5.  73 

39.  35 

A  l,o.. 

16.72 

Ag20 

38.  03 

H20 

5.  90 

100.00 

100.  00 

100.00 

100.  00 

For  comparison,  there  is  given  in  the  last  column  the  percentage 
composition  of  theoretical  silver  analeite.  Residue  B  shows  a  defi- 
ciency of  water,  possibly  owing  to  the  use  of  too  high  a  temperature  in 
drying  the  powder  before  analysis.  Residue  C  gives  the  following 
molecular  ratios: 

26Ag20,  24A1303,  lOOSiO,,  49H20, 

agreeing  well  with  the  empirical  formula 

AgALSiArHA 

Two  thallium  derivatives  were  prepared  from  the  same  lot  of  anal- 
eite, as  follows: 

E.  Natural  analeite  was  heated  in  a  sealed  tube  with  four  times  its 
weight  of  thallous  nitrate,  twenty-four  hours  at  250°-290°  C, 

F.  Same  as  F,  except  that  the  heating  was  continued  for  forty - 
pight  hours.  The  composition  of  the  two  leached  residues  is  given 
li)elow. 


E. 

F. 

no, 

34.  40 

15.  73 

47.  29 

.60 

.62 

.  70 

32.  06 

u2o3 

13.62 

\0 

53.  01 

fa20 

.  12 

I20- 

.20 

k2o+ 

.40 

99.40 

100.01 

("In  these  and  all  other  deductions  made  in  this  work  the  theoretical  molecule  has  been  assumed, 
this  case,  NaAlSLOoH.O. 
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Both  of  the  preparations  were  perfectly  white.  The  microscopic 
examination  showed  thallium  analcite  to  be  mainly  isotropic,  with  a 
few  crystals  having  double  refraction,  as  was  the  case  with  the  silver 
derivative.  The  thallium  compound  is  easily  decomposed  by  nitric 
acid,  giving-  sandy  silica. 

Deducting  from  analysis  F  analcite  equivalent  to  0.12  per  cent  of 
Na.,0,  and  reducing  to  100,  the  analysis  becomes: 


Si02 
A120 
T120 


Residue  F. 


32.61 
13.60 
53.  79 


100.00 


Theore 

T1A1S 


31.33 


lOO.Ot 


In  the  second  column   is  given  the  calculated  percentage  composi- 
tion of  normal  thallium  analcite. 
The  molecular  ratios  of  F  are 

24T120,  23A1203,  100SiO2. 

A  closer  agreement  with  theory  could  hardly  be  expected. 

In  the  case  of  the  silver  compound,  the  one  molecule  of  water  o 
the  original  mineral  has  been  retained,  and  it  is  essentially  analcit 
with  silver  replacing  sodium.  It  is  not  so  with  the  thallium  derivai 
tive,  nor  with  the  ammonium  compound  of  the  former  investigation? 
In  both  of  these  derivatives  the  water  of  the  original  mineral  was  lost 
the  formula  being  that  of  leucite  with  thallium  or  ammonium  replao 
ing  potassium,  leucite  being  a  mineral  closely  related  to  analcite. 

One  crude  experiment  was  made  to  show  the  action  of  lead  nitral 
on  this  mineral.     Natural  analcite  was  heated  in  a  sealed  tube  with  ij 
10  pei-  cent  solution  of  lead  nitrate  for  six  hours  at  about  200    (J.    Tl 
composition  of  the  washed  and  dried  residue  follows: 


Si02  . 
A1203 
PbO  . 
Na20 
H90. 


Molcciila 

r.iiios. 

60.  34 

100 

17.55 

17 

14.75 

<! 

6.  03 

< 

• 

undet. 

98.  67 
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Water  was  not  determined,  but,  as  will  be  seen  from  the  summa- 
tion, it  is  an  unimportant  constituent  of  the  compound.  Evidently 
the  anhydrous  salt  has  been  formed,  but  incompletely,  for  only  about 
half  the  sodium  had  been  replaced. 

The  molecular  ratios  are  as  follows: 

6PbO,  loNa,(),  17A1203,  100SiO2, 
or,  combining  the  monoxide  bases, 

L6RO,  17A1203,  100SiO2. 

In  this  a  large  excess  of  siliea  appears. 


LEUCITE. 

The  specimen  of  leucite  at  hand  was  impure,  and  more  careful  work 
was  therefore  deferred  until  some  future  time,  when  it  may  be  possible 
to  prepare  an  artificial  mineral  which  will  be  studied  in  detail. 

One  preparation  of  the  impure  leucite  was  made  by  heating  the 
native  mineral  in  a  sealed  tube  with  four  times  its  weight  of  thallous 
nitrate  for  twenty-four  hours  at  a  temperature  of  250  J-2(,K) J  C.  The 
leached  residue  was  dried  on  the  water  bath.  The  analysis  of  this 
residue  follows. 


Molecular 


SiO,  . 
Al20;s 

Tl,<  !  . 

K,o 
H,() 
H2CM 


100.0 

26.  7 

16.8 

7.5 


1.8 


Combining  potassium  with  thallium,  the  analysis  gives  the  fol- 
lowing: 

24(T1K)20,  27 A120:!,  100SiO2,  2H20. 

This  indicates  that  the  same  molecule  has  been  formed  as  in  the 
;ase  of  analcite. 

THOMSONITE. 

The  thomsonite  used  was  well  crystallized  material  from  Table 
Mountain,  Colorado.  Only  one  derivative  of  this  mineral  was  made. 
(The  thomsonite  was  heated  in  a  sealed  tube  with  four  times  its  weight 
|f  dry  silver  nitrate,  20  hours,  at  250  -21H)  C.  The  residue  was  dried 
It  about  40°  C.     Its  composition  is  given  on  the  page  following. 
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Si02  . 
AljOj 


Ag20  free 

CaO 

Na20  .... 
H20-... 
H,0+--- 


In  leach  water: 
CaO 

NaX>  .... 


Natural 

thomsonite. 


41.13 

29.58 


11.  25 

5.31 
1.01 

12.12 


100.  40 


Silver 
thoinsonite. 


33.80 

23.  21 

23.  50 

2.56 

7.28 

.71 

.45 

s.  11 

99.  6| 

2.  68 
5.  04 


The  color  of  this  residue  was  dark,  showing  that  some  silver  oxide 
had  been  formed,  so  contaminating  the  salt.  A  determination  of  thl 
free  silver  oxide  was  made  by  the  following  method,  and  it  appears  im 
the  analysis  as  'lAg30  free." 

A  portion  of  the  silver  thomsonite  was  weighed  out  in  a  platinumi 
boat  and  placed  in  a  glass  tube,  which  was  connected  with  a  weighed* 
calcium  chloride  tube;  .low  red  heat  was  then  applied  and  at  the  samcM 
time  a  current  of  dry  air  was  passed  over  it.  At  this  temperature! 
silver  oxide  is  decomposed,  liberating  the  entire  amount  of  oxygen  i 
The  loss  of  weight  in  the  boat  was  water  plus  oxygen,  the  gain  in  th< 
tube  was  water  alone;  the  difference  represented  the  oxygen  of  the 
free  silver  oxide. 

The  new  compound  dissolves  easily  in  dilute  nitric  acid  to  a  clea 
solution,  which  forms  a  perfect  jelly  on  evaporation.  Under  th< 
microscope  the  material  proved  to  be  entirely  crystalline,  showing 
parallel  extinction. 

Deducting  free  silver  oxide,  and  also  the  water  lost  below  100°,  am  j 
reducing  to  100  per  cent,  the  analysis  gives  the  results  tabulate] 
below: 


sio, . 
A1203 
A&O 
CaO  . 
Na20 
H20. 


Silver  thorn 
sonite  re- 
duced. 


34.99 

24.02 

24.32 

7.54 

0.74 

8.39 


100.  00 


Moleculaf 

ratios. 


100. 

40. 

18. 

23. 

2  J 
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The  reliction  here  is  incomplete,  but  the  thorasonite  ratios  have 
sen  fairly  well  preserved. 

As  the  water  of  this  mineral  is  usually  considered  to  form  no  part 
I  the  chemical  molecule,  in  the  following  formula  it  has  been  repre- 
mted  separately. 

For  this  and  the  two  minerals  to  follow,  the  formulae  proposed  by 
.  W.  Clarke  have  been  adopted,  regarding  them  as  mixtures  of  salts 
f  orthosilicic  and  trisilicic  acids.  The  analysis  gives  the  subjoined 
itios: 

18Ag20,  23CaO,  2Na20,  40Al2O3,  100SiO2,  80H2O. 

Combining  monoxide  bases,  we  have 

R^3Al80Si100O363.80H2O; 

hich  gives  a  ratio  of  orthosilicic  to  trisilicic  acids  of 

7;3Si04:  9Si308. 

Substituting  these,  we  have 

R"43Al80(SiOt)„(Si3O8)9.  80H8O; 

nd  combining  the  two  acid  radicles  under  the  indiscriminate  symbol  X 
re  have 

R"43A180X82.80  H20  =  1-2-2,  2H20. 

The  analysis  of  thomsonite  reduced  in  the  same  way  gives  the  for- 
iula 

R"4aAl86(SiOJ78(Si308)8.  98H„0, 
,  condensed, 

R"42Al85X84.98H20  =  l-2-2,  2iH20. 

CHABAZITE. 

The  chabazite  used  in  the  following  work  was  the  well  crystallized 

ish-colored  material  from  Wassons  Bluff,  Nova  Scotia. 

Two  silver  derivatives  were  made,  as  follows: 

A.   Ammonium  chabazite  was  heated  in  an  open  tube  with  four  times 
is  weight  of  dry  silver  nitrate  for  six  hours  at  300°  C. 
I  |B.  Natural  chabazite  was  heated  in  a  sealed  tube  with  four  times  its 

ight  of  dry  silver  nitrate  for  twenty-four  hours  at  250°-290    C. 
Bull.  262—05 6 
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C.   Analysis  of  the  original  chabazite: 
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!  A. 


Si02.. 
AUV 
Fe203. 
Ag,0  . 


Lfe2 

CaO . 
Na20 
K20 . 
H20- 
H20 


In  the  leach  water: 

A1203 

CaO 

Na,0 


38.84 
11.02 


84.  95 
11.89 


28.  95 


39.  63 


40 


2.38 
4.40 
6.64 

100.29 

none 

7.75 
1.98  S 


50.  78 

17.  18 

.40 


7.S4 

1.28 

.73 

5.  22 

16.63 


100.06' 


This  preparation  was  light  in  color,  showing  that  no  appreciable1 
amount  of  free  silver  oxide  could  have  been  present.  It  was  decomiii 
posed  easily  by  nitric  acid,  giving  sand}^  silica. 

The  microscopic  examination  showed  the  material   to   be  entirely 
crystalline  and  uniaxial. 

In  this,  and  as  will  be  shown  later  in  the  thallium  derivatives  also 
important  amounts  of  N205  have  been  retained.  This  is  not  duo  t<  I 
incomplete  washing,  but  the  nitrate  is  firmly  held  within  the  molecule! 
This  same  mineral  gave,  with  ammonium  chloride,  a  compound  con  | 
taming  chlorine.  What  the  presence  of  these  small  amounts  of  tb  j 
acid  radicles  ma}^  mean  is  not  known,  but  in  the  following  reduction  if 
N205  will  be  considered  as  combined  directly  with  silver  or  thalliun  ;j 
the  proper  amount  will  be  subtracted  from  the  analysis. 

Deducting    water   below  100°   and   also  silver    nitrate,  analysis 
becomes: 


Residue  H. 


Si02. 
A1203 
Ag20 
Na2( ) 
H,0 . 


45.30 

15.41 

33.  07 

.  52 

,5.70 


100.00 


Moleeula 
ratioi 


100(; 

20  lj 

19  11 

1 

-IL; 
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This  gives  the  following  molecular  ratios: 

19Ag20,  tNa20,  20Al2O3,  L00SiO2,  42H20. 

Combining  sodium  with  silver,  we  have 

R"20Al40Si100O280.42H8O. 

Hence  the  ratio  between  orthosilicic  and  trisilicic  acids  becomes 

10SiOr30Si3O8; 

d  combining  them  under  the  symbol  X,  the  formula  is 

R"   Al   X    42H  0  =  1-^-2*   2H„0 

Reducing  the  same  way  the  analysis  for  chabazite,  we  have 

R''20Al40X40.109H2O= 1-2-2,  5^H2( ). 

The  two  form u he  are 

Native  chabazite R//20Al40(Si(  ),),„(  Si:;(  >8  )30.  L09H2O. 

Silver  chabazite R//20Al40(SiOJ10(Si3O8)30.42H2O. 

Here  calcium  has  been  replaced  by  silver  with  a  loss  of  three  and 
le-half  molecules  of  water. 

The  thallium  derivatives  were  prepared  with  the  same  lot  of  chaba- 
te.     Two  preparations  were  made,  as  follows: 

D.  Chabazite  was  heated  in  a  sealed  tube  with  four  times  its  weight 
thallous  nitrate,  forty-eight  hours  at  250°-290°  C. 

E.  Treated  the  same  as  D,  but  heated  for  sixty-seven  hours. 


i). 

E. 

Residue 
found. 

Residue 
reduced. 

Molecu- 
lar ratios. 

Residue 
found. 

Residue 
reduced. 

x 

28.91' 

10.75 

51.  58 
.  65 
.28 
L.30 

2.  85 
8.  54 

36.31 
L3.50 
47.39 

.81 

.  85 

1.64 

100.0 

21 .  8 

18. 4 

2.  8 

1.0 

14.7 

29.  44 

11.11 

52.11 

.04 

.  85 

1.58 

2.  60 

2.  50 

84.  44 

,0, 

13  00 

,0 

-19.01 

0 

.75 

2o 

.-11 

OH- 

0- 

1.79 

)5 

the  leach  water: 
I  ALO, 

99.87 

100.00 

100.  28 

None. 
7.09 
1 .  58 

100.00 

CaO • 

Na,0 

1.54 



'•" 
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IJoth  of  these  residues  were  perfectly  white  and  entirely  crystalline. 
Thallium  chabazite  is  easily  decomposed  with  nitric  acid,  yielding 
sandy  silica. 

Derivative  D  gives  the  following-  ratios: 

lsTL.0,  2CaO,  lNa20,  22A1203,  100SiO2,  15H30; 

or,  combining  monoxide  bases, 

R"21Al,4Si100O287.15H2O. 

The  ratio  of  the  two  acid  radicles  is 

16SiO,:28Si308; 

and,  inserting  these  in  the  formula,  we  have 

R"21Al44(Si04)16(Si308)28.15H80; 

or,  condensed, 

R"21Al44X^.15H20=l-2-2+aq. 

A  rough  experiment  was  made  by  heating  silver  chabazite  in  a  scale 
tube  with  a  10  per  cent  solution  of  lead  nitrate.  The  residue  aftii 
washing  and  drying  contained  5.50  per  cent  Ag30  and  20.24  per  cert 
PbO. 

STILBITE. 

The  specimen  of  stilbite  used  came  from  Wassons  Bluff,  Nova  Scotiifl 
The  action  of  silver  nitrate  upon  this  mineral  was  not  investigated.    I 

One  thallium  derivative  was  made  by  heating  the  stilbite  in  a  seal*  | 
tube  with  four  times  its  weight  of  thallous  nitrate  sixty-five  hours  1 
230°-280°  C.  The  residue  was  perfectly  white,  entirely  crystallimJ 
and  biaxial,  and  it  gave  sand}^  silica  with  nitric  acid.  The  analyst! 
follows: 


SiO, 


A1203- 
Fe203 
T1,0  . 
CaO.. 
Na20 . 
H20- 
H20+ 


Stilbite. 


55.41 

16.  85 

.18 


7.78 

1.23 

3.60 

15.41 


100.16 


Residue. 


36.  75 
11.74 


42.94 

.68 

.15 

5.48 

2.29 

100.  03 


Mole, 
rati 


1 
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Omitting  water  lost  below  LOO  ,  we  have  the  following  ratios: 

L6  Tl,().  2  CaO,  1  Na20,  19  A1203,  LOO  Si02,  20  11,(); 

and,  combining  monoxide  bases, 

R"1,Al„Si100O,„,  20H2O; 

which  gives  a  ratio  between  the  two  acid  radicles  of 

7  SiO,:31  Si308. 

Inserting  these  in  the  formula,  it  becomes 

R"19AlS8(SiO4)7(SiA)31.20H2O, 

which  condenses  to 

R"19A138X38.20  H,0. 

Reducing  the  analysis  of  stilbite  in  the  same  wa}%  we  get 

R"17Al36(Si04)4(Si308)sa.93  H,0=l-2-2,  5  ILO. 

From  the  last  three  minerals  we  get  the  following  formulae: 

Native  thomsonite R//42Al85(SiOl)7(;(SiA)8-98H20=l-2-2,2^H,0. 

Silver  thomsonite R%Al80(-SiO4)73(Si3(  >8)9.80H2O=l— 2— 2,2H20. 

Native  chabazite R//20Al40(SiO4)10(Si3O8)30.109H2O=l— 2— 2,5J  H20. 

Silver  chabazite R"20Al40(Si< )4)10(Si3O8)30.42H2O==l-  -2  -2,2H20. 

Thallium  chabazite R'^AhJsK  >4)16(Si3<  )8)28.  15H2<  >=1     2     2,Aq. 

Native  stilbite .._„R%Al36(Si04)4(Si3<  >8)M.93HaO=l— 2— 2,5H2( ). 

Thallium  stilbite R//19Al38(SiO4)7(Si3O8)31.20H2O=l-2-2,  Aq. 

The  similarity  of  the  foregoing  formula1  is  plainly  evident.  Leav- 
ing water  out  of  consideration,  and  except  in  the  single  case  of  silver 
thomsonite,  the  ratios  agree  closely  with  the  ratios  of  1-2-2  for  the 
monoxide  base,  aluminum,  and  silicic  acid.  It  will  be  seen  that  with 
jthe  two  silver  derivatives,  compounds  retaining  two  molecules  of 
water  were  formed,  although  in  the  case  of  thomsonite  a  mineral 
hydrated  with  2i  molecules  of  water  was  taken,  while  the  chabazite 
contained  5^. 

NATROLITE. 

The  natrolite  which  was  studied  came  from  Bergen  Hill,  N.  J. 
Two  silver  derivatives  were  made,  as  follows: 

A.  Natrolite  was  heated  in  a  sealed  tube  with  a  10  per  cent  solution 
f  silver  nitrate,  eighteen  hours  at  L20°  C. 

B.  Natrolite  was  heated  in  a  scaled  tube  with  four  times  its  weight 
f  dry  silver  nitrate,  twenty-two  hours  at  250  -290    C. 
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|  mi 


Si02 

Al.,<>, 

Ag20  combined. 

Ag20  free 

CaO 


H90 


40.  45 
10.24 

20.  48 

.  93 

7.84 


34.70 

18.  54 

32.30 

3.91 

2.  50 

.  39 

7.32 


99.66 


B.  reduced. 


36.25 

10.36 
33.  73 


2.61 
.41 

7.  64 


100.00 


Moleculai 

ratios. 


100. 
31. 
24. 


Both  preparations  were  very  dark,  showing  that  a  quantity  of  fre 
silver  oxide   had  been  deposited.      The  compound   formed   is  easil 
decomposed  by  warm  dilute  nitric  acid,  giving  a  perfectly  clear  solj 
tion  which  gelatinizes  upon  evaporation.      Under  the  microscope, 
showed  perfect  crystallization. 

Neglecting  free  silver  oxide,  residue  B  gives  the  following  formuli 

24Ag20,  8CaO,  lNa20,  31A1203,  L00SiO2,  70H2O, 

or,  combining  monoxide  bases, 

R'66Al62Si1M0SM,  70H2O, 

which  corresponds  roughly  to  the  formula  R2Al2Si3O10.  2H.,0.  T 
ratios  are  not  so  good  as  could  be  desired,  but  are  close  enough  to  she 
that  this  compound  has  probably  been  formed. 

One  thallium  derivative  was  made  by  heating  natrolite  in  a  seal 
tube  with  six  times  its  weight  of  thallous  nitrate  for  forty-eight  hou 
at  250  -290°  C.     The  analysis  gave  the  following  results: 


Residue. 


Si02.. 

A1203- 
Tl,<>.. 
( !a( ) . . 
Na20  . 
H20- 
H20+ 


26.10 
15.  59 
55.  (54 
.67 
.31 
.51 
.  66 


99.  51 


Moleeu' 

ratios 


Ml 
9 
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This  compound  is  perfectly  white.  It  is  easily  dissolved  by  dilute 
nitric  acid,  giving  a  perfect  jelly  on  evaporation. 

The  optical  observations  were:  Double  refraction  low,  cleavage  ver- 
tical, extinction  parallel,  probably  biaxial.  It  was  entirely  crystalline. 
She  molecular  proportions  are  as  follows: 

30Tl2O,  3CaO,  lNa20,  35A1,():!,  L00SiO2,  9H20; 

or,  combining  monoxide  bases, 

R'68Al70Si100O339.  9H20, 

which  corresponds  closely  to  the  formula  R2Al2Si3O10. 

SCOIiECITE. 

The  scolecite  used  came  from  Whale  Cove,  on  the  island  of  Grand 
Manan,  New  Brunswick. 

One  derivative  was  made  by  heating  the  scolecite  in  a  sealed  tube 
with  four  times  its  weight  of  silver  nitrate  six  hours  at  250°-280'  C. 
The  residue  was  dried  at  about  35°  C. 


3i02 


ig20  combined 
lg20  free 


JaO.. 
s'a,( ) . 
1,0- 


Scolecite. 


45.  86 

25.  7S 


13.  92 

.41 

.40 

13.  65 

100.02 


Residue. 

37.  28 

21.51 
20.  21 

6.  67 
5.  40 

.44 
.46 

7.  92 


99.  92 


Molecular 

rat  ius. 


100.0 
34.0 
14.0 


15.5 
1.  1 


70.  S 


This  residue  was  dark  In-own,  owing  to  the  silver  oxide  it  contained. 
|)n  heating  over  the  low  flame  of  the  Bunsen  burner  in  order  to  reduce 
le  silver  oxide  to  metallic  silver  it  turned  perfectly  white. 

On  attempting  to  mount  this  preparation  for  microscopic  examina- 
ion  the  balsam  became  very  dark,  which  prevented  any  optical  obser- 
ations  from  being  made. 

The  molecular  ratios  for  this  derivative  are: 

14Ag80,  16CaO,  lNa20,  34A1203,  100SiO2,  T1H20, 
uniting  monoxide  bases, 


-^  62Ai68^1100^3335 


71H20. 
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These  proportions  agree  fairly  well  with  the  formula 

R'2Al2Si3O10,  -f-aq. 

The  reaction  in  this  case  was  incomplete,  only  a  little  over  one-h 
the  calcium  and  none  of  the  sodium  being-  replaced,  but  the  experiiiK 
shows  that  the  desired  molecule  was  partially  formed. 

MESOLITE. 

The  mesolite  studied  was  a  tine  specimen  of  crystalline  matei 
from  Ostero,  in  the  Faroe  Islands. 

One  thallium  derivative  was  prepared  by  heating  the  mesolite  h 
sealed  tube  with  four  times   its  weight  of  dry  thallous  nitrate 
eighty  hours  at  240°-280°  C. 

Its  analysis  and  that  of  the  mesolite  follow: 


Si02_. 

A1A- 
TLO  .. 
CaO... 
Na20 . 
H,0- 
H20+ 


Mesolite. 

45.  97 
25.  98 


Residue. 


In  the  leach  water: 

A1A 

CaO 

Na20 


9.69 

4.79 

1.34 

12.04 


99.81 


29.11 

16.94 

44.  75 

2.  90 

.26 

3.32 

3.06 


100.  34 

None. 
5.50 
4.42 


Moleci 
ratio 


1' 


The  leached  residue  was  perfectly  white  and  entirely  crystal 
with  parallel  extinction.  It  gave  a  perfectly  clear  solution  with  ; 
which  gelatinized  on  slight  evaporation. 

The  molecular  ratios  are  as  follows: 

22Tl2O,llCaO,lNa2O,34Al2O;5a00SiO2,35H2O. 
Combining  monoxide  bases,  we  have 

-^  c8Al68oi1000.{3C.f3oH2(J, 
agreeing  almost  perfectly  with  the  formula 

R'2Al2Si3O10.H2(X 
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These  three  minerals  and  their  derivatives  give  the  following  com- 
parison, when  all  the  monad  and  dyad  bases  are  united  under  R": 

Native  natrolite R//36A166  Si100O335.  72  H20 

Silver  natrolite R//33A162  Si100O326.  70  1 1 ,( ) 

Thalliuin  natrolite R",,, Al70  Si100O339.    9  1 120 

Native  scolecite W^Al^  Si100O333.  99  H20 

Silver  scolecite R//31A168  Si100O33S.  71  U.,() 

Native  mesolite R//33A166  Si100O332.  87  H20 

Thallium  mesolite R//34A168  Si100O33(;.  35  H20 

Since,  as  others  have  shown,  the  water  in  these  three  minerals  plays 
no  part  in  the  chemical  molecule,  it  has  been  placed  as  a  separate  con- 
stituent in  the  formulae. 

The  ratios  found  are  not  so  sharp  as  could  be  desired,  nor  have  the 
reactions  been  complete,  but  they  indicate  that  the  three  minerals  are 
all  derived  from  the  trisilicic  acid  H8Si3O10. 

Deducting-  from  each  of  the  above  formula?  the  water  contained  in 
the  undeeomposed  mineral,  which  latter  is  represented  by  the  amount 
of  alkali  retained  by  the  derivative,  we  have  the  water  contents: 

Silver  natrolite 70  H20  less  18  H20  equals  52  H20 

Thallium  natrolite   9  H20  less    8  H20  equals    1  H20 

Silver  scolecite 71  H20  less  50  H20  equals  21  1 1,( ) 

Thallium  mesolite 35  H20  less  29  1 120  equals    6  H2< ) 

We  have  here,  as  was  the  case  with  the  thomsonite,  chabazite,  and 
stilbite  derivatives,  silver  compounds  strongly  hydrated,  while  the 
thallium  salts  are  practically  anhydrous. 

PECTOLITE. 

The  pectolite  came  from  Bergen  Hill,  N.  J.  It  contained  a  small 
amount  of  calcium  carbonate  as  an  impurity. 

A  single  silver  derivative  was  made  by  heating  the  pectolite  in  a 
sealed  tube  with  four  times  its  weight  of  dry  silver  nitrate,  for  twenty- 
two  hours  at  240°-280°  C.  The  residue  was  dried  on  the  water  bath. 
On  analysis  the  following  results,  stated  below,  were  obtained. 


Pectolite. 


Si02.. 

A1A- 

Ag20. 

CaO.. 

MnO. 

Na20. 

H20 

H80+ 

co2._ 


53.  34 
.33 


33.23 

.45 
9.  11 

.27 
2.70 

.67 


100.10 


Residue. 


39.  05 

.38 
32.57 
18. 13 


5.  99 


4.  l: 


100.24 


Molecular 

ratios. 


100.  0 


21.5 
49.  8 


14.9 


35.2 
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The  derivative  was  dark,  but  on  heating  over  the  bunsen  harne] 
the  color  disappeared,  and  on  treating-  the  ignited  residue  wit/i  nitric 
acid  red  fumes  were  given  off,  showing  that  a  quantity  of  free  silve] 
oxide  was  present.  This  was  not  determined,  but  is  contained  in  tin 
figures  given  for  AgsO.  The  silver  oxide  reported  is  therefore  sev 
eral  per  cent  too  high. 

The  compound  is  easily  decomposed  by  warm  dilute  nitric  acid 
with  the  separation  of  sandy  silica.  A  complex  breaking  up  of  th( 
molecule  has  taken  place  and  no  simple  ratios  appear. 

EI^EOMTE. 

Ela3olite  from  Litchfield,  Me.,  was  heated  in  the  usual  wray  witl 
thallous  nitrate.  An  incomplete  analysis  of  the  leached  residue  gav< 
the  following  results: 

Insoluble  in  nitric;  acid . 46.  34 

A1203 27.  90 

T120 8.  50 

Na20+K2() 15.  40 

Water,  etc undet. 


In  the  leach  water  was  found  2.13  per  cent  of  sodium  and  potassiui 
oxides.  The  analysis  shows  that  eheolite  is  but  slightly  attacked  b 
treatment  with  thallous  nitrate. 

^EGIRITE. 

iEgirite  from  Magnet  Cove,  Arkansas,  was  heated  in  a  sealed  tut 
with  dry  silver  nitrate.  The  following  results  were  obtained  on  ai 
alysis  of  the  leached  residue: 

Insoluble  in  nitric  acid . 91.  22 

Al203+Fe203 1.18 

CaO small 

Ag2G  4. 12 

Na20 53 

Water,  etc undet. 

This  mineral  has  evidently  been  but  little  altered  by  the  action 
silver  nitrate. 


DUMORTIERITE. 


By  Waldemar  T.  Schaller. 


INTRODUCTION. 

Dumortierite  was  discovered  by  Gonnarda  in  November,  1879,  at 
Chaponost,  near  Lyons,  France,  and  was  made  the  subject  of  a  brief 
note  by  E.  Bertrand  in  1880.  The  following"  year,  Gonnard  named  the 
mineral  after  Eugene  Dumortier,  the  eminent  French  paleontologist. 

The  mineral  was  known  to  be  new  from  its  optical  properties 
before  its  chemical  composition  was  determined,  its  beautiful  pleoch- 
roism  being-  especially  marked.  Damour  soon  after  made  an  analysis 
of  the  mineral,  from  which  he  obtained  the  formula  4  A1203,  3  Si02. 

Specimens  of  this  mineral  from  New  York,  previously  taken  for 
indicolite,  were  studied  by  Diller  and  Riggs  and  shown  to  be  differ- 
ent from  tourmaline.  At  about  the  same  time  dumortierite  from  Ari- 
zona became  known,  and  analyses  of  the  mineral  from  both  localities 
were  made.  These  analyses  all  showed  the  presence  of  boric  acid  in 
varying  amounts,  and  also  a  small  quantity  of  water.  An  occurrence 
[of  dumortierite  in  Norway  was  afterward  noted,  and  still  later  several 
localities  in  Germany  were  mentioned. 

In  1902,  Ford  published  three  analyses  of  dumortierite,  one  on 
material  from  New  York,  a  second  on  material  from  Arizona,  and  a 
third  on  material  from  a  new  locality  in  San  Diego  County,  Cal.     In 

Ehe  same  paper  he  mentions  a  second  new  locality,  the  fourth  one  in 
his  country,  in  Skamania  County,  Wash.  He  showed  by  his  analyses 
that  dumortierite  contains  boric  acid  and  water  in  nearly  constant 
kmount. 

A  careful  search  for  crystals  was  made  in  a  large  quantity  of  the 
California  mineral,  which  resulted  in  the  finding  of  two  small,  imper- 
fect but  measurable  examples.  On  looking  over  the  Arizona  material 
n  the  National  Museum  a  third  crystal  was  found.  Three  crystals 
^ere  also  obtained  among  specimens  from  New  York.  These  were 
arefully  measured  and  some  ciystallographic  data  were  thus  obtained. 
The  mineral  is  usually  sparingly  present  in  small  fibrous  masses 
ttered  through  the  rock,  making  it  difficult  to  obtain  an}7  consider- 
ed For  references  see  Literature,  pp.  119-120,  this  bulletin. 
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able  quantity  of  it  in  a  pure  condition.  At  the  California  locality 
mineral  occurs  in  large,  pure  masses,  very  favorable  for  chem 
investigation.  From  an  analysis  made  by  the  writer  on  the  Califoi 
material,  a  formula  was  deduced  in  which  the  boric  acid  and  w;i 
have  a  certain  fixed  value.  The  other  analyses  are  discussed,  an< 
is  shown  that  they  all  agree  fairly  well  with  the  new  formula  propo 
by  the  writer.  An  analysis  of  the  Washington  dumortierite  is.  i 
given.  Ford  tested  the  French  material  qualitatively  for  boric  s 
and  obtained  a  strong  positive  reaction. 

While  a  more  or  less  complete  study  of  the  mineral  has  been  ma 
it  is  fully  realized  that  in  no  sense  can  the  work  be  called  compL 
The  material  for  crystallographic  study  was  poor,  and  it  is  very  m 
hoped  that  better  crystals  will  at  some  future  time  be  found.  r 
determinations  of  optical  constants  are  very  meager,  for  the  us 
condition  of  occurrence  of  the  mineral  is  not  favorable  to  such  stu 
Only  a  few  analyses  are  available  for  an}T  discussion  of  the  composil 
of  the  mineral,  and -though  dumortierite  does  not  contain  a  large  m 
ber  of  constituents,  many  more  analyses — but  only  extremely  accui 
and  reliable  ones — will  be  gladly  welcomed. 

It  was  found  that  the  California  material  differed  somewhat  in 
properties  from  normal  dumortierite.  The  color  is  lavender  inst 
of  blue,  the  pleochroi'sm  is  colorless  to  red  purple  instead  of  blue, 
the  mineral  contains  1^  per  cent  titanium  oxide.  It  is  of  especial  in 
est  to  correlate  these  differences,  as  it  adds  another  good  example 
that  class  of  silicates  which  contain  a  small  amount  of  titanium 
(seemingly  thereby)  acquire  a  purple  pleochroism. 

OCCURRENCES. 

FOREIGN. 
FRANCE. 

Dumortierite a  is  found  at  several  places  in  the  vicinity  of  Ly 
(Rhone),  where  it  occurs  in  a  pegmatite  gneiss.     At  Beaunan,  on 
road  from  Oullins  to  Chaponost,  it  is  found  in  a  small  quarry  in  gn 
in  slender  blue  libers  in  the  midst  of  veinlets  or  lenses  of  feldspar 
pegmatite.     At  Brignais  it  occurs  in  very  small  fibers  disseminl 
throughout  a  white  pegmatite,  associated  with  large  black  tourmalh 
garnets,  muscovite,  and  cordierite,  the  latter  being  largely  altered 
mica.      In  some  cases  bluish  tourmaline  and  dumortierite  have  the\ 
tical  axis  in  common.     Pseudomorphs  of  mica  after  dumortierite 
frequent. 

The  mineral  has  a  good  cleavage  parallel  to  a  {100}  and  an  iml 
feet  prismatic  one.  There  are  also  "planes  of  separation"  paralle 
the  base.     Twins,  'analogous  to  those  of  aragonite,  are  frequent. 

a  Lacroix,  A.,  Mineralogie  de  la  Franc,  vol.  1,  1893-1895,  pp.  15-19. 
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color  is  blue,  sometimes  nearly  black.     Inclusions  are  not  prominent, 
though  bubble's  and  rutile  have  been  noticed. 

The  axial  piano  is  parallel  to  5{010}.  Bxa  (negative)  perpendicular 
to  c  {00l}.  In  the  twins  the  axial  planes  of  the  two  parts  make  an 
angle  of  about  60  .  /?isabout  L. 65,  and  the  birefringence  is  about  .010. 
The  axial  angle  (2  VNa)  is  near  35  to  4<»  .  The  dispersion  is  ener- 
getic p<v.  Pleochroism  is  very  strong;  h  =  c,  colorless  or  very  pale 
blue;  a,  cobalt  blue  or  violet.  Some  of  the  specimens  from  Brignais 
are  of  a  rose-salmon  color,  a  little  redder  than  andalusite.  The  maxi- 
mum absorption  is  (contrary  to  that  of  tourmaline)  in  the  direction  of 
elongation  (parallel  to  6).  The  presence  of  idiophanous  figures  is  also 
noted.  According  to  Damour,  the  blue  color  of  the  mineral  may  per- 
haps be  due  to  traces  of  Ti203,  the  presence  of  which  in  the  French 
mineral  has,  however,  not  been  demonstrated.  It  is  noticed  that  the 
small  fibers  of  dumortierite  are  often  inclosed  in  a  white  mica,  which 
is  gradually  replacing  the  original  mineral. 

GERMANY    AND    AUSTRIA. 

The  mineral  is  found  near  Schmiedeberg,  Silesia/'  in  the  pegmatite 
of  the  lower  Val  Donbastone,  in  long  libers  of  a  green  or  greenish- 
blue  color.  These  fibers  have  a  thickness  of  1  mm.  and  reach  a  maxi- 
mum length  of  50  mm.  They  are  often  bent,  and  inclose  pieces  of 
quartz.  On  one  liber  a  prism  angle  of  69°  6'  was  measured.  Pris- 
matic cleavage,  imperfect,  was  noted.  The  pleochroism  is  very  strong: 
!c=b,  colorless;  a,  pistachio-green.  Cross  sections  show  the  emer- 
gence of  an  acute  bisectrix  (negative),  the  axial  angle  being  somewhat 
smaller  than  that  of  muscovite.  With  a  crystal  refractometer  the 
following  values  for  the  indices  of  refraction  were  obtained: 

or=1.678 
/?= 1.686 

r=1.689 
y—a—    .011 

An  analysis  of  impure  material  was  also  made. 

In  a  clayey  residue,  the  mineral  has  been  found  at  Imligan,  near 
yhodan,  and  Schobrowitz,  near  Carlsbad,  in  Bohemia,  and  in  clayey 
andstone  at  Oberbris,  near  Pilsen,  in  Bohemia.  These  residues  are 
)robably  formed  from  decomposing  pegmatite,  from  which  the  dumor- 
ierite  originally  came.  The  mineral  shows  a  strong  pleochroism; 
,  deep  carmine  to  smalt  blue  and,  in  places  where  partly  decom- 
osed,  dark  olive  to  red  brown;  ft,  light  gray  olive  to  colorless.     The 

egative)  acute  bisectrix  is  parallel  to  the  elongation.  The  obtuse 
II  jisectrix    is   perpendicular   to   the   cleavage   plates  (#={100}).      The 


aSee  Literature,  pp.  119-120. 
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associated  minerals  are  tourmaline,  quartz,  feldspar,  museovite,  bio 
tite,  chrysoberyl,  apatite,  garnet,  and  chlorite. 

NORWAY. 

The  mineral  is  found  at  Tvedestrand  in  minute  fibers  in  cordieriti 
gneiss.     The  pleochroism  is  as  follows: 

JC  =  fr,  pale  yellow,  almost  colorless. 
a,  intense  cobalt  blue. 

Cross  sections  show  a  prismatic  angle  of  about  60°.  The  birefrin 
gence  (.010)  is  feeble.  Pleochroic  halos  (in  }^ellow)  are  very  character 
istic.  The  axial  angle  (2V)  is  about  35°,  and  the  dispersion  strong 
p  ~>v.     The  associated  minerals  are  cordierite  and  sillimanite. 

Romberg  has  described  a  mineral  from  Argentina  (2.51  per  cen 
B203)  which  seems  to  resemble  the  California  dumortierite.  The  colo 
is  lilac  and  the  pleochroism  similar  to  that  from  California. 

*         UNITED   STATES. 
NEW    YORK. 

The  mineral  occurs  in  that  part  of  New  York  City  known  as  Hal 
lem.      It  has  been  sparingly  found  as  acicular  crystals  "  aggregated  ii 
fasces  or  tufts  resembling  clippings  of  hair"  in  a  lode  of  red  granil 
extending  southeastward  from  Fourth  avenue  and  One  hundred  ai 
twenty-third  street  to  Madison  avenue  at  One  hundred  and  sixteent 
street.     At  One  hundred  and  seventy -first  street  and  Fort  Washingtc 
avenue  it  was  found  in  several  pockets  in  a  vein  of  coarse  pegmati 
in  mica-schist.    The  vein  is  about  3  feet  wide  and  the  pockets  extendi 
for  about  80  feet.     The  body  of  the  vein  is  granular  gray  quartz,  orth 
clase,  and  flaky  museovite.     The  dumortierite  occurs  chiefly  in  tl 
orthoclase,  though  it  has  also  been  found  as  long,  filiform  inclusio 
in  the  museovite,  singly  and  radiating  from  centers.     It  has  also  beoi 
noticed  at  Kips  Bay,  near  the  upper  end  of  Riverside  Park,  in  whii 
oligoclase,  and  at  Tenth  avenue  and  One  hundred  and  thirtieth  stre< 

The  associated  minerals  are  orthoclase,  quartz,  museovite,  xenotiu 
monazite,  tourmaline,  zircon,  torbernite  (?),  antunite  (?),  apatite,  gi 
net,  and  andalusite. 

A  brief  study  of  several  slides  of  the  New  York  City  dumortier 
showed  that  the  mineral  occurs  almost  entirely  in  the  orthocla; 
Very  rarely  is  it  in  the  quartz  or  museovite.  It  is  usually  in  fibre 
forms,  with  ragged  outlines,  and  in  one  particular  section  an  ortl 
clase  crystal  was  filled  with  minute  threads  of  dumortierite,  arrani.ii 
more  or  less  parallel.     In  these  slides  andalusite  also  was  noticed. 

Mr.  Frederick  Braun,  of  Brooklyn,  N.   Y.,  very  kindly  lent 
writer  his  private  collection  of  New  York  dumortierite,  which  pr 
ably  contains  the  finest   dumortierite  specimens  ever  found   in  t 
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locality.  About  25  specimens  are  shown,  the  best  one  containing  a 
prismatic  group  of  fine  blue  dumortierite  libers  5  cm.  long  and  from 
one-half  to  1  cm.  thick.  The  rock  is  a  pegmatitic  gneiss,  and  consists 
chiefly  of  quartz  and  feldspar,  with  smaller  quantities  of  biotite,  mus- 
covite,  black  tourmaline,  dumortierite,  and  garnets.  The  dumortierite 
occurs  in  long  prisms,  often  bent,  and  again  broken,  the  space  between 
being  filled  with  the  gneiss  rock.  The  basal  cross  fracture  is  common 
and  the  color  is  often  changed  to  a  dull  gray.  At  times  the  fibers  are 
seemingly  intergrown  with  the  tourmaline  in  parallel  position.  The 
three  crystals  described  later  were  obtained  from  these  specimens. 

As  additional  localities,  Mr.  Braun  gives:  One  hundred  and  first 
street  and  Lexington  avenue,  New  York;  One  hundred  and  eighteenth, 
One  hundred  and  twentieth,  One  hundred  and  twenty-second  streets 
and  Madison  avenue;  One  hundred  and  thirty-eighth,  One  hundred 
and  thirty-ninth,  One  hundred  and  fortieth,  One  hundred  and  forty- 
ninth  streets  and  Mott  avenue;  One  hundred  and  thirty-third,  One 
hundred  and  thirty-fifth,  One  hundred  and  forty-ninth  streets  and 
Hudson  River  Railroad;  One  hundred  and  forty-ninth  street  and  Sheer- 
ier  place;  One  hundred  and  seventy-first  street  and  Boulevard. 

The  mineral  possesses  a  strong  pleochroism,  ranging  from  colorless 

to  deep  blue,  this  color  being  always  in  the  direction  of  elongation. 

The  extinction  is  parallel  and  the  mineral  orthorhombic.     Cleavage 

parallel  to  the  macropinacoid  is  perfect,  these  cleavage  plates  showing 

he  emergence  of  an  obtuse  bisectrix.     An  imperfect  cleavage  parallel 

to  the  base  is  also  noticed,  and  basal  sections  show  an  imperfect  pris- 

natic  cleavage.     Such  sections  show  the  emergence  of  an  acute  bisec- 

rix.     The  mineral  is  negative.     The  axial  plane  is  parallel  to  the 

michypinacoid   and   the   orientation  is  a=JC,  b=b,  c  =  a.     The  ple- 

xhroism    is  C=fr,    colorless;    11,   deep  blue.     Absorption,   &>&=£. 

fl  Some  sections  show  polysynthetic  twinning  lamellae,  but  their  relation 

ould  not  be  made  out. 

AKIZONA. 

At  Clip,  Ariz.,  dumortierite  occurs  in  a  quartz  rock  which  has  not 
een  found  in  place  (Doctor  Hillebrand),  but  only  as  loose  bowlders. 
|)umortierite  and  quartz  form  the  principal  mineral  constituents,  kya- 
lite,  magnetite,  and  muscovite  being  present  in  subordinate  amounts. 

he  rock  is  fine  grained  and  has  a  blue  color  due  to  the  dumortierite. 
Jl  Under  the  microscope,  a  section  of  the  rock  showed  numerous 
mall  lath-shaped  prisms  of  dumortierite  placed  in  every  direction   in 

mass  of  allotriomorphic  quartz,  with  several  large  blades  of  musco- 

ite  and  abundant  magnetite,  and  a  little  apatite  and  rutile.     Feldspar 

hmiis  to  be  entirely  absent. 

The  dumortierite  has  the  usual  colorless  to  blue  pleochroism  and 
Jjresents  normal  properties.  In  the  slide  studied  it  is  very  fresh  and 
I  hows  no  signs  of  alteration,  the  muscovite  present  being  primary. 
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The  quartz  grains  are  (relatively)  fairly  large  and  are  not  crushed 
like  those  of  the  California  rock.  The  rock  seems  to  have  undergone 
no  dynamic  change  after  its  formation. 

The  pale-green  kyanite  has  been  analyzed  by  Dr.  W.  F.  Hillebrand 
with  the  results  given  below: 

Si02 36.  30 

A1A(+Ti02) 62.51 

Fe203 70 

FeO undet. 

CuO tr. 

Igii 40 


99.  91 
Specific  gravity 3.656  at  18.5 

CALIFORNIA. 


This  occurrence  was  first  mentioned  by  Ford,  and  an  analysis  of  the 
dumortierite  was  given  by  him.  The  writer  made  a  brief  visit  to  the 
locality  in  the  summer  of  1903  and  collected  a  large  quantity  of  mate- 
rial, which  permitted  a  rather  complete  study  of  the  mineral.  The 
writer's  thanks  are  due  to  Mr.  John  A.  Thoman,  of  San  Diego,  the 
owner  of  the  property,  for  permission  to  visit  the  interesting  locality 
and  for  the  privilege  of  collecting  specimens. 

The  mineral  occurs  in  a  dike  a  few  miles  east  of  Dehesa,  San  Dieg< 
County,  and  is  not  far  from  the  orbicular  gabbro  described  by  Professo 
Lawson/'  Tne  general  country  rock  of  the  region  is  granite,  in  whicl 
occur  large  masses  of  gabbro,  of  which  the  orbicular  rock  is  a  peculia 
phase.  Both  the  gabbro  and  the  granite  contain  many  dikes,  and  it  i 
in  one  of  these  dikes,  in  decomposed  biotite-granite,  that  the  dumoi 
tierite  occurs.  This  dike  has  a  length  of  about  1,000  feet  and  a  thicl 
ness  of  about  30  or  40  feet,  strikes  S.  70°  E. ,  and  has  a  dip  of  aboi 
70°  N.  20°  E. 

The  rock  consists  chiefly  of  quartz  and  either  sillimanite  or  dumo 
tierite.     Feldspar  is  entirely  absent  from  the  dike.     The  dike  may  1 1 
divided  into  an  upper  and  lower  part,  according  to  the  character  of  tl 
rock.     The  upper  part  is  fine  grained  and  consists  of  quartz  and  sill  j 
manite;  the  lower  part  is  coarse  grained  and  consists  of  quartz  ai»| 
dumortierite. 

The  upper  part,  forming  about  one-half  the  dike,  is  a  fine-grain'  <j 
white  saccharoidal  rock,  sometimes  of  a  grayish  color,  and  never  co  J 
tains  an}^  dumortierite.  It  possesses  a  more  or  less  schistose  structu  ' 
and  cleaves  off  into  blocks  parallel  to  the  dip.  A  little  muscovite  ij 
sometimes  present,  small  crystals  of  titanium  oxide  are  abundant,  a 
occasionally  a  little  pyrite  is  seen. 

a  Bull.  Dept.  Geol.  Univ.  Cal.,  vol.  3,  1904,  pp.  383-396. 
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Microscopically  the  rock  is  composed  of  allotriomorphic  quartz, 
allimanite  prisms  arranged  in  parallel  bands  (schistose  structure),  a 
ittle  muscovite,  probably  secondary,  and  accessory  titanite,  titanium 
>xide,  rutile  (?),  pyrite,  apatite,  zircon,  and  corundum. 

The  sillimanite  occurs  both  as  short  and  long-  prisms.  The  former 
ire  usually  grouped  together  in  parallel  bands  which  may  run  across 
he  entire  slide  or  may  pinch  out  at  both  ends,  forming  a  very  flat 
ens.  The  prisms  are  short  and  stout,  usually  more  or  less  ragged  in 
mtline,  with  many  transverse  fractures.  The  several  parts  of  a  single 
>rism  thus  broken  are  at  times  considerably  displaced.  Again,  an 
entire  row  of  prisms  may  be  broken  and  displaced.  The  displacement 
s  always  in  the  direction  of  elongation  of  the  prism.  The  ends  are 
isually  more  or  less  rounded,  and  macropinacoidal  cleavage  is  some- 
hues  well  developed.  Some  nearly  square  cross  sections  show  diag- 
>nal  cleavage.  Titanium  oxide  and  zircon  are  at  times  inclosed  in  the 
)risms.  These  prisms  occasionally  show  slight  alterations  and  at  times 
;eem  to  have  been  entirely  removed,  forming  either  an  opaque  mass 
>r  leaving  just  the  outlines  of  former  prisms  behind. 

The  long,  slender  prisms  are  placed  at  all  angles  and  are  not  grouped 
n  bands  as  the  others  are.  The  edges  are  sharp  and  the  ends  are 
>ften  terminated  by  two  faces,  forming  a  spear.  These  prisms  are 
isually  smaller  than  the  others  and  decrease  in  thickness  until  they 
ire  so  narrow  as  to  become  entirely  opaque.  These  straight  hair- 
ike  inclusions  were  at  first  taken  for  rutile  or  magnetite,  but  it  is 
nought  they  are  merely  sillimanite  prisms  of  extreme  thinness. 
!  Optically  the  two  forms  are  identical,  and  are  to  be  classified  as 
illimanite.  The  relief  is  distinct  and  birefringence  is  rather  strong, 
phe  direction  of  elongation  is  always  an  axis  of  minimum  elasticity. 
the  crystals  are  nonpleochroic  and  always  extinguish  parallel.  Pleo- 
fhroic  halos  were  not  observed. 

The  quartz  is  allotriomorphic  and  is  usually  much  cracked.  In  gen- 
ral  the  principal  cracks  are  parallel  to  the  bands  of  sillimanite,  while 
racks  perpendicular  to  these  bands  are  also  numerous.  Many  trans- 
fee  irregular  cracks  also  occur.  Some  of  the  quartz  grains  seem  to 
ave  been  slightly  displaced,  and  the  cracks  thus  formed  been  rilled 
<ith  secondary   quartz.     Sometimes  the    bands   of   sillimanite    have 

Iiused  "augen"  to  form.  In  places  the  quartz  shows  large  liquid 
elusions,  and  strings  of  small  inclusions,  though  not  common,  some- 
mes  occur.  Besides  the  inclusions  mentioned  and  the  accessory 
linerals,  the  quartz  contains  in  places  a  large  amount  of  very  tine 
'paque  dust,  possibly  magnetite.  Such  sections  of  the  quartz  as 
^main  dark  under  crossed  nicols  show  a  uniaxial  cross  with  a  positive 
gn  in  convergent  light. 

I  Of  the  accessory  materials,  titanium  oxide,  probably  rutile,  occurs 
the  greatest  abundance.     A  few  grains  are  probably  titanite,  but 
Bull.  262—05 7 
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the  majority  of  the  small  sharply  defined  crystals  are  probably  rui 
They  are  at  times  slightly  dichroic  (yellow  to  brown),  and  occm 
equidiametral  crystals.  Some  of  the  crystals  in  the  bands  of  sillin 
ite  have  been  crushed  and  lengthened  out.  In  one  case  a  crysta 
corundum  was  inclosed  in  rutile.  Zircon  is  also  widely  distribute* 
irregular  grains,  usually  of  minute  size.  Occasionally  a  large  p 
has  roughly  the  usual  crystal  outline,  but  seems  to  have  been  mon 
less  corroded.  One  large  crystal  inclosed  several  small  rutiles. 
order  of  crystallization  of  the  minerals  seems  to  have  been  as  folk 
Corundum,  rutile  (and  titanite),  zircon,  sillimanite,  and  quartz.  It  i 
be  that  there  are  two  generations  of  sillimanite.  Those  long,  sler 
sharp  crystals  in  the  quartz  may  have  formed  after  the  crystals  in 
bands. 

An  analysis  of  the  rock  was  made  by  the  writer,  giving  the  res 
tabulated  below: 

Si02 75.  54 

A1203 18.  65 

Fe203 35 

FeO 06 

Mg( )  none 

CaO 03 

Alk none 

H20— 1.10 

H20-|- 3.  67 

Ti02 48 

Zr( ">, 06 

P205 trace 

FeS2 10 

100.  04 

The   large  amount  of  water  present  is   difficult   to   explain, 
inclusions  in  the  quartz  account  for  some,  and  assuming  the  pres( 
of  some  water  due  to  incipient  alteration   in  the  sillimanite.  ther 
still  a  large  amount  unaccounted  for. 

From  the  analysis,  neglecting  the  water  and  accessory  minerals, 
composition  of  the  rock  is  calculated  as  consisting  of 

Quartz 69 

Sillimanite 31 

Deducting  the  water  and  other  accessory  minerals  of  the  rock 
obtain  the  following  comparison: 


Analysis         CUcggj 
recalculated.      (.( Jpb™ 


Si(  >,  . 
A1203 


iiai.u.k..  DUMORTIERITE.  (.>(.> 

As  we  approach  the  middle  of  the  dike  the  rock  loses  its  schistose 
picture,  becomes  coarser,  and  we  find  occasional  masses  of  dumor 
trite,  which  are  more  and  more  abundant,  until  finally  we  come  to 
hat  is  called  t  h<-  lower  part  of  the  dike,  consisting  of  abundant  dumor 
fcrite  and  quartz.     Very  rarely  a  small  Mark  tourmaline  or  garnet  is 
ion.      Muscovite   is  more  or  less   abundant    throughout   the  entire 
■per  part,  and  in  places  forms  an  essential  part  of  the  rock. 
the  lower  part  of  the  dike  differs  in  many  ways  from  the  upper. 
o  schistose  structure  is  apparent;  the  rock  is  \<t\  coarse  and  has  a 
ottled  appearance,  due  to  the  dark  bunches  of  dumortierite  on  the 
kite  quartz  background. 

Some  masses  of  dumortierite  are  trery  large,  examples  5  by  3  by  3 

n.  being  not    uncommon.     They  usually  have  m   radiated   columnar 

picture  and  break  oil'  nearly  parallel  to  the  base  in  fairly  plane  sur 

pes,  which  on  large  piece-  become  somewhat  bowl  shaped.     A- the 

pious  fibers  are  not  strictl}  parallel  hut  radiating,  the  breakage  can 

ilv  be  approximately  at  right  angles  to  the  general  elongation  of  the, 

Brs.      These  masses  of  dumortierite   weather  from   the   rock   and 

and  out  very  prominently.     They  usually  have  numerous  cleavage 

sacks  parallel   to  the   base.     The  color  of  the  mineral   i-   lavender, 

Bembling  to  some  extent   compact    rubellite.     Connected  with  this 

lusual  color  is  the  unusual   pleochroism  that  the  mineral   possesses, 

iing  from  colorless  to  \-i-<\  purple  instead  of  blue. 

Che  quartz  i-  coarse  grained  and  has  a  slight  greasy  appearance.     It 

metimes  occur-  in  large  masses  five  from  dumortierite.     Magnetite 

present  in  small  grains  a-  well  a-  titanium  oxide     rutile  (?).     An 

alysis  of  a  -ample  of  pure  quartz  was  made  to  prove  the  absence  of 

y  feldspar  or  other  silicate.     The  analysis  follow-: 

Si02 98.  78 

Fe203  i  total 15 

CaO 10 

MgO none 

Ti< ) 61 

I'  l », trace 


99.  94 


Barer  phase  of  the  rock  consists  of  quartz,  muscovite,  and  dumor- 
rite.  which  is  here  present  in  -mall  piece-  hut   n   few  millimeters  or 

m  thick.    The  mica   i-  here  an  essential  constituent  of  the  rock  and 

iblaces  becomes  abundant. 

icroscopically  the  minerals  present  in  the  lower  part  of  the  dike 

I  seen  to  be  dumortierite  and  quartz,  with  muscovite  and  silliman- 
in  small  quantities,  together  with  accessory  magnetite,  titanite, 
ile  (?),  apatite,  and  zircon,  as  well  ;i-  a  number  of  -mull  undeter 

•  Med  inclusions.     The  dumortierite  occur-  in  irregular  masses  with 

:  ged  outline,  often  resembling  in  shape  the  hornblende  of  a  diorite. 
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Again,  it  forms  fun-shaped  radiating  masses,  sometimes  of  large  i 
Irregular  broken  fibrous  masses  also  occur  scattered  through  the  s 
The  quartz  is  allotriomorphic  and  is  but  slightly  cracked.  It  is  ra 
full  of  inclusions  in  places.  With  the  exception  of  a  little  muscc 
there  are  no  secondary  minerals  present. 

The  common  form  for  the  dumortierite  is  shown  in  radiated  far 
masses  that  vary  considerably  in  size.  When  the  entire  piece  is  la 
than  a  quadrant,  parts  of  the  black  cross  (seen  in  spherulites)  are 
when  the  nicols  are  crossed.  These  fan-shaped  pieces  are  prob 
the  results  of  an  incomplete  spherulitic  growth.  The  most  perfect 
consists  of  but  half  a  circle.  On  certain  parts  no  radiated  fibers 
detectable,  the  (prismatic)  cleavage  lines  being  perfectly  para 
Some  of  the  pieces  become  decidedly  fibrous  toward  the  ends,  and 
various  individual  libers  depart  somewhat  from  true  parallelism, 
between  these  fibers  fine-grained  aggregates  of  muscovite  can  o 
be  seen. 

A  number  of  pieces  showed  a  (secondary  I)  growth  of  libers,  w 
are  probably  in  all  cases  dumortierite,  as  with  high  poweis  a  i 
pleochroism  can  be  detected.  They  were  at  first  thought  to  be  i 
manite,  but  they  agree  in  all  their  properties — so  far  as  can  be  d( 
mined — with  dumortierite.     These   fibers  can  be  classed  in  two  pi 

Those  in  the  first  part  seem  to  have  been  formed  as  a  sccon< 
growth  on  the  main  masses  of  dumortierite.  The  fibers  branch 
considerably  and  often  form  a  radiating  fringe  around  an  entire 
tion  of  the  mineral.  They  penetrate  the  quartz  grains,  and  inters! 
muscovite  is  absent.  The  line  where  they  join  the  main  mass  of 
mineral  is  usually  fairly  well  defined.  In  general,  the  fibers  are 
mal  to  the  edge  of  the  main  mass,  but  locally  they  vary  considera 
especially  where  they  form  fanlike  groups. 

The  fibers  of  the  second  class  clearly  represent  a  stage  in  the  alt 
tion  of  the  dumortierite  to  muscovite.  The  solid  mass  of  dumortl 
becomes  fibrous  and,  at  the  edges,  breaks  up  into  small  fibers,  w 
gradually  become  loose  from  the  parent  mass.  The  space  where  1 
formerly  joined  is  now  occupied  by  a  granular  mass  of  musco^ 
which  also  fills  the  spaces  between  the  fibers.  Gradually  this  pro 
goes  on  until,  finally,  we  have  a  large  mass  of  granular  muscovj 
which  are  embedded  a  few  fibrous  prisms  of  the  original  mint 
Fig.  6  shows  diagrammaticall y  a  stage  in  the  process. 

Basal  sections  present  an  entirely  different  appearance.  The  ma 
pinacoidal  cleavage,  so  well  developed  on  the  New  York  mineral, 
not  show  on  the  sections  of  the  California  mineral.  The  impel 
prismatic  cleavage  is  present  and  divides  the  section  up  into  a  m 
tude  of  irregular  bodies.  Occasionally  there  is  a  short  crack  pai 
to  the  brachypinacoid,  and  it  may  be  that  the  mineral  possess* 
imperfect  interrupted  brachypinacoidal  cleavage. 


BALLER.l 


ihwiortikrite. 
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|Fhe  prismatic  cleavage  was  found  to  be  parallel  to  the  prism  {210/. 

large  number  of  measurements  gave  as  the  angle  [010j  cleavage 
Icks62  67°,  averaging  64  65°.  The  angle  {OIOJ  (210}  is  66'  01'. 
ho  cleavage  cracks  arc  irregular,  and  it  was  difficult  to  obtain  any 
pirate  measurements,  but  the  ones  made  are  sufficient  to  determine 
fccleavage.  They  were  measured  against  the  trace  of  the  optic  axial 
lane. 


p  in  one  particular  section  (the  same  on  which  the  prismatic  cleav- 
>v  was  measured)  were  determinable  to  a  certain  extent.  The 
tomato  lamella1  extinguished  together,  the  difference  in  angle  of 
■Inction  of  two  adjacent  lamellae  being  about  31  .  The  line  joining 
Lose  lamellae  is  parallel  to  the  cleavage  or  to  the  prism  {210J*.  The 
■ace  of  the  axial  plane  is 
millel  (or  nearly  so)  in  ad- 
cent  lamellae. 

The  pleochroism  of  the 
ineral  is  beautiful,  espe- 
ally  if  the  section  be  not 
>o  thin.  C—  a  is  colorless, 
==  h  is  colorless  to  very 
lint  pink,  it=  c  is  deep-red 
irple.  None  of  the  see- 
ms entirely  possess  the 
•dinarv   blue  pleochroism. 


some  slides,  however, 
ere  are  certain  small  areas 

varied  and  irregular  shape 

ich  do  show  the  ordinary 
eochroism.  These  small 
ue  areas  in  the  rich  red- 
|rple   background  make  a  most  beautiful  combinati 


Fig.  6. — Dnmortierite  alter 


On   some 

M'tions  a  large  area  will  have  a  faint  bluish-purple  color,  as  if  inter- 
ijediate  between  the  deep-blue  and  the  red  purple. 
This  California  dumortierite  contains  about  1J  per  cent  titanium 
«  ide,  which  is  considered  as  Ti203,  replacing  part  of  the  alumina. 
Llrrelating  these  facts  with  the  other  known  instances,  it  seems  as  it' 
tip  presence  of  the  titanium  controlled  the  occurrence  of  this  purple 
ipochroism.  Samples  of  the  Washington  and  Arizona  mineral,  free 
f|>m  titanite  and  rutile,  and  which  possess  the  ordinary  colorless  to 
Hie  pleochroism,  were  tested  qualitatively  for  titanium  with  hydro- 

f  peroxide,  with  a  negative  result  in  each  case.  One  might  conclude, 
ref ore,  that  in  those  areas  of  a  dumortierite  section  in  which  the 
Mor  is  blue  there  is  no  titanium;  that  they  are  molecular  centers,  so 
Hspeak,  which  are  free  from  titanium.    The  absorption  of  the  mineral 
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is  a>Xi=C.     Optically  it  is  negative,  the   acute    bisectrix  a  bein|g 
normal  to  the  base.     The  axial  plane  is  parallel  to  the  brachypinacoid 
The  birefringence  is  higher  than  that  of  quartz,  though  only  by  i 
small  amount. 

The  sections  of  dumortierite  show  that  inclusions  are  rare.  Tlu 
masses  of  mineral  are  usually  pure,  muscovite  being  about  the  only 
mineral  included,  and  this  is  not  strictly  an  inclusion,  as  it  is  g 
secondary  product,  forming  along  the  fibrous  cracks  of  the  mineral. 
In  one  basal  section  a  number  of  rutile  (?)  crystals  were  observed,  but 
such  inclusions  are  very  rare. 

The  quartz  occurs  in  large  allotriomorphic  grains,  but  little  cracked 
and  sometimes  almost  free  from  inclusions  and  again  thickly  crowded 
with  them.  In  no  way  does  the  quartz  show  the  effect  of  pressure  as 
the  quartz  of  the  upper  part  of  the  dike  does.  Occasionally  when  the 
nicols  are  crossed  the  color  of  a  quartz  grain  will  be  somewhat 
banded,  these  bands  occurring  on  several  grains,  being  parallel 
throughout  the  entire  slide.  The  inclusions  are  sillimanite,  magnetite, 
rutile  (?),  and  an  undetermined  mineral. 

The  rock  composing  the  dike  is  doubtless  an  igneous  plutonic  rock. 
There  would  seem  to  have  been  an  interruption  in  the  stage  of  forma- 
tion of  the  entire  dike.  The  upper  or  sillimanite-bearing  part  was 
more  or  less  completely  formed  when  a  mass  was  pushed  into  the  place 
now  occupied  by  the  lower  part  of  the  dike.  This  mass  exerted  a 
great  pressure  on  the  already  partly  formed  upper  part,  giving  it  its 
schistose  structure.  Boric  acid  in  large  amount  Avas  in  the  lower 
mass.  Possibly  it  was  a  later  intrusion  and  may  have  caused  the 
increase  in  pressure  of  the  lower  mass,  which  gradually  cooled  and 
formed  a  borosilicate  (dumortierite)  and  quartz.  The  absence  of 
dumortierite  in  the  upper  part  would  seem  to  indicate  that  the  addi- 
tion of  boric  acid  to  the  entire  mass  was  a  later  incident,  and  had  the 
original  magna  cooled  without  this  extra  intrusion  the  rock  would 
have  been  uniform  and  would  have  consisted  of  an  aluminum  silicate 
(sillimanite  or  andalusite)  and  quartz.  The  intrusion  of  the  boric  acid 
could  not  change  the  character  of  the  upper  part,  which  had  already 
(at  least  partially)  formed,  but  it  did  change  the  character  of  the 
lower  part.  May  it  be  that  the  pressure  determined  the  formation  of 
sillimanite  instead  of  andalusite? 

WASHINGTON. 

Ford  mentions  this  occurrence  of  dumortierite  and  gives  as  the 
locality  "the  headwaters  of  the  North  Fork  of  the  Washougal  River 
in  Skamania  County,  Wash."  Mr.  Brereton,  of  Woodstock,  Oreg., 
very  kindly  sent  the  writer  a  number  of  specimens,  which  form  the 
basis  of  the  following  notes. 

As  Ford  states,  the  dumortierite  occurs  in  a  new  habit,  being  present 
as  small  spherulites  up  to  3  mm.  in  diameter. 
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The  rock  in  which  they  occur  is  a  light-colored^  fine-grained  rock, 
containing,  besides  the  blue  spherulites,  patches  of  a  compact,  soft, 
light-green  mineral,  shown  to  be  muscovite.  While  the  exposed  sur- 
face of  the  rock  is  dark,  the  fresh  portion  light  gray,  rarely  becoming 
llmost  white.  Sometimes  the  dumortierite  occurs  so  abundantly  as  to 
bolor  the  entire  rock  blue.  Pja-ite  is  also  present  and  in  places  is  very 
ibundant. 

ruder  the  microscope  the  rock  is  seen  to  be  very  tine  grained  and 
to  consist  of  quartz,  muscovite,  and  andalusite  in  nearly  equal  propor- 
tions. The  porphyritic  spherulites  of  dumortierite  form  a  striking 
feature  in  the  fine-grained  rock.  The  pale-green  patches  before  men- 
tioned are  seen  to  be  muscovite.  Pyrite  is  abundant,  and  a  few  grains 
bf  magnetite  (ilmenite?)  surrounded  by  leucoxene  are  also  present, 
[n  places  the  leucoxene  is  abundant. 

The  andalusite  occurs  as  short  laths  with  a  square  cross  section  and 
ilso  as  irregular  more  or  less  opaque  masses  without  definite  shape, 
rhey  are  probably  in  some  stage  of  alteration,  possibly  to  muscovite. 
While  usually  very  minute,  the  laths  occasionally  become  quite  large 
relatively.  In  general,  the  andalusite  surrounding  the  larger  spheru- 
ites  is  much  coarser  than  the  main  mass,  though  there  are  numerous 
exceptions.  When  clear  and  transparent,  the  laths  exhibit  the  normal 
properties  of  andalusite.  The  relief  is  moderate  and  the  birefringence 
ow.  Imperfect  prismatic  cleavage  is  sometimes  seen.  The  prisms 
ire  nonpleochroic  and  pleochroic  halos  are  absent.  Extinction  is 
ilways  parallel.  The  elongation  is  always  in  the  direction  of  maximum 
elasticity. 

Sillimanite  seems  to  be  entirely  absent.  Muscovite  occurs  in  the 
yreen  masses  and  also  in  minute  particles  distributed  throughout  the 
entire  rock.  Nowhere  does  it  occur  in  plates,  as  it  normally  does  in 
granite,  but  everywhere  it  is  in  minute  pieces.  A  good  deal  is  prob- 
ably derived  from  the  alterations  of  the  andalusite  and  dumortierite, 
md  it  may  be  possible  that  all  of  it  is  secondary — that  the  rock  origi- 
nal ly  consisted  essentially  of  quartz  and  andalusite.  An  anahTsis  of 
:he  green  mineral  was  made  on  a  small  amount  of  material,  containing 
ilso  some  andalusite  and  quartz.  It  shows  the  mineral  is  muscovite. 
:hus  corroborating  the  microscopic  evidence. 

Si02 50.  13 

A1203 32.  37 

Fe203  (total ) 1 .  52 

MgO 09 

CaO 15 

H20- 1.  74 

H20+ 5.  08 

K20 9.  60 

100.  68 
Specific  gravity 2.  80 
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The  quartz  occurs  in  allotriomorphic  grains,  which  are  so  minute  and 
so  mixed  with  the  andalusite  and  muscovite  that  recourse  was  had  to  ! 
chemical  analysis  to  verify  their  determination  as  quartz. 

The  dumortierite  occurs  in  small  spherulites  scattered  throughout 
the  rock  and  occasionally  bunched  together  to  form  a  large  patch  of 
blue.  On  an  average  they  reach  a  diameter  of  from  one-half  to  1  mm. 
Their  shape,  while  in  general  circular,  is  often  elliptical  and  mal 
become  very  irregular  in  places.  They  consist  of  fibers  radially 
arranged  and  show  the  optical  phenomena  of  "spherulites."  The 
dumortierite  has  parallel  extinction,  and  its  birefringence  is  somewhat 
higher  than  that  of  the  quartz  and  also  slightly  more  than  that  of! 

the  andalusite,  though  the 
difference  between  that  of! 
>  the  latter  two  minerals  is 
very  small. 

The  intensity  of  the  ple- 
ochroism  of  the  dumortier- 
ite varies,  so  that  in  some 
spherules  there  are  concen- 
tric bands  of  fibers  differing 
greatly  in  the  depth  of  their 
color.  Some  spherules  are 
almost  colorless,  and  it  was 
at  lirst  thought  they  might 
be  parallel  growths  of  anda- 
lusite with  the  dumortierite, 
but  such  a  conclusion  could 
not  be  verified. 

The  libers  are  not  always 
perfectly  radial.  They  are  at  times  gathered  into  "brushes,"  and  a 
number  of  these  put  together  may  form  a  spherulite.  The  libers  are 
thus  more  thickly  crowded  in  some  places  than  elsewhere,  and  this, 
frequently  results  in  intensifying  the  pleochroism,  so  that  in  some 
spherulites  there  are  numerous  blotches  of  blue  of  much  deeper  color 
than  the  rest.  Muscovite  is  frequently  plentiful  in  a  spherulite,  being 
formed  between  the  libers,  and  is  probably  an  alteration  product  of 
the  dumortierite.  Frequently  a  mass  of  dumortierite  will  be  almost 
completely  changed  to  mica,  leaving  but  small  fragments  of  the 
original  mineral  behind. 

The  fibers  of  dumortierite,  while  usually  arranged  radially,  some- 
times assume  different  shapes,  and  some  of  the  masses  of  dumortierite 
seen  under  the  microscope  are  reproduced  in  fig.  7. 

Fig.  7  shows  variations  from  typical  spherulitic  form  that  the  libers 
of  dumortierite  assume,     a  is  four  prisms  irregularly  joined  at  the 


lumortierite. 
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center,  the  ends  .spreading-  out  into  "brushes"  of  fine  fibers.  This 
form  is  fairly  abundant,  h  forms  a  prismatic  portion  becoming  fibrous 
at  both  ends,  and  while  common  in  the  New  York,  Arizona,  and  Cali- 
fornia occurrences,  is  a  rare  t}^pe  for  Washington  dumortierite.  c 
forms  a  sort  of  fan  and  is  composed  of  several  "brushes"  joined  to- 
gether. It  is  a  common  type,  d  is  an  elliptical  spherulite.  e  is  a 
mass  of  prisms  such  as  />,  but  not  spreading  out  as  a  does.  It  is  of 
rarer  occurrence,  yis  a  hunch  of  radial  fibers  with  no  prismatic  stem 
as  in  c.     It  is  fairly  common. 

To  confirm  the  microscopical  determination  of  the  minerals  of  the 
rock  a  chemical  analysis  was  made  by  the  writer  of  a  fresh  sample  of 
the  rock.     The  results  obtained  are  shown  below. 

Si02 57. 18 

AM  )3 , 34. 1 0 

Fe2Os 54 

FeO 28 

MgO 10 

CaO 63 

Na20 39 

K20  _-_' 2.  57 

H20- 69 

H20+ . . 2.  02 

Ti02 66 

Zr02 02 

C02 . - none 

P205 53 

FeS2 28 

MnO none 

BaO 04 

Sr< ) trace? 

LLC) none 

100.  03 

Out  of  2«)(>  grams  of  rock,  4.3  grams  of  dumortierite  were  obtained. 
Some  was  doubtless  lost,  and  the  sample  still  contained  some  andalu- 
site,  but  2  to  2^  per  cent  would  approximately  represent  the  amount 
of  dumortierite  present. 

The  mineralogical  composition  of  the  rock  is  about  as  follows: 

Andalusite 35 

Dumortierite 2 

Quartz 32 

Muscovite 27 

Acccsst  >ries 4 

100 
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The  accessories  consist  of  pyrite,  magnetite,  possibly  ilmenite, 
ieucoxene,  and  apatite.  Considering  the  dumortierite  as  andalusite 
and  calculating  the  soda  in  the  analysis  as  potash,  we  get  the  following 
comparison: 


Calculated 
composition 


SiO, 

A1203 

K,0 

H20 

Accessories. 


57.  66 

33.  81 

3.19 

1.22 

4.12 


100.00 


Found. 


57. 18 
34.10 

3.16 
2.  02 
3.54 


100.  00 


It  is  interesting  to  compare  the  minerals  from  the  three  western 
occurrences,  where  feldspar  is  entirely  absent,  and  the  rock  in  each 
case  is  composed  (essentially)  of  the  following  materials: 

Arizona :  Dumortierite,  quartz,  muscovite,  kyanite. 

California  :  Dumortierite,  quartz,  muscovite,  sillimanite. 

Washington  :  Dumortierite,  quartz,  muscovite,  andalusite. 

As  the  three  minerals,  kyanite,  sillimanite,  and  andalusite  have  the 
same  chemical  composition,  the  composition  of  the  entire  rock  is  prob- 
ably also  similar. 

CRYSTALLOGRAPHY. 

While  the  writer  was  at  the  California  locality  he  made  special 
search  for  crystals  of  dumortierite,  but  is  forced  to  the  conclusion 
that  good,  perfect  crystals  of  the  mineral  are  yet  to  be  found.  A 
large  quantity  of  seemingly  promising  material  was  collected  and 
afterward  carefully  examined  with  a  lens.  One  minute  crystal  was 
found  showing  several  fairly  good  faces  in  the  prismatic  zone  and, 
when  mounted  on  the  goniometer,  presenting  minute  terminal  planes 
giving  poor  reflections.  Further  search  afforded  {mother  crystal 
showing  several  prismatic  faces  but  no  terminations. 

The  collection  of  specimens  of  dumortierite  from  Clip,  Ariz.,  in  the 
United  States  National  Museum,  was  examined,  and  on  one  specimen 
was  found  a  small  crystal  showing  two  prism  faces  and  a  dome.  Fur- 
ther, three  small  crystals  were  obtained  from  the  New  York  min- 
eral. On  this  poor  material  the  following  work  is  based.  The  results 
obtained  are  perhaps  not  accurate,  but  are  the  best  that  could  be 
obtained.  The  California  and  New  York  crystals  are  long  prismatic, 
while  the  Arizona  crystal  may  be  termed  short  prismatic. 
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The  mineral  is  orthorhombic,  and  from  the  various  measurements 
the  following  axial  elements  have  been  calculated: 

a=.8897 
c=.6871 

The  crystals  were  measured  with  the  two-circle  goniometer,  and  the 
values  forj?0  and  q0>  from  which  the  above  ratios  are  obtained,  are 

#,=.7728 

?„=.6871 

The  forms  observed  are  as  follows: 

I— Ooo  —010 

a=ao  0  =  100 

Z=oo2  =  120 

m=oo    =110 


3 

n=2cc 

*=5° 


320 

210 
102 

203 


Besides  these  forms,  reflections  were  obtained  from  several  other 
minute  faces,  but  they  were  so  minute,  and  the  reflections  so  poor,  that 
their  validity  is  very  questionable  and  they  are  omitted  from  the  fore- 
going list.  The  averages  of  the  measured  angles,  compared  with  the 
calculated  values,  are  shown  in  the  following  table: 


Letter  and  symbol. 


b  =0x  =010, 
a  =co  0  =  100 
I  =oo  2  =  120 
m=cc  =110 
(,  =^co=320 
n  =2oc  =210 
d  =|0  =102 
v  =40  =203 


Measured. 


Calculated. 


*. 

o 

/ 

0 

00 

111 

23 

29 

19 

49 

01 

59 

49 

65 

23 

91 

21 

87 

39  J 

90  00 

90  00 

90  00 

90  00 

90  00 

90  00 


46 

58 


0  00 

90  00 

29  20 

48  20 

59  19 

66  oi 

90  oo 

90  00 


90  00 

90  00 

90  00 

90  00 

90  00 

90  00 


21 


07 
14 
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The  brachypinacoid  is  present  on  four  crystals,  usually  as  broad 
faces.     Some  give  relatively  good  reflections. 

The  macropinacoid  occurs  on  all  crystals,  except  the  one  from  Ari- 
zona, and  always  as  narrow  faces.  The  reflections  were  poor,  but 
serve  to  identify  the  form.     The  <j>  angles  measured  are  as  follows: 


Measured. 

Cal 

iulated. 

California 

o 

90 
93 
90 
92 
91 
90 

/ 

02 
46 
00 
57 
15 
16 

o             / 

Do 

Do 

New  York 

90     00 

Do 

Do 

The  brachv  prism  /=oo  2  =  120  occurs  on  four  crystals  as  narrow 


faces  giving-  fair  reflections. 


Measured. 

Calculated. 

California 

o 

30 
28 
29 
29 
29 

00 
00 
22 
?A 
89 

O                 1 

Do „ 

Do 

>       29     20 

New  York 

Do 

The  unit  prism  is  poorly  developed  on  the  California  crystals, 
being  present  but  once  as  a  narrow  face  giving  a  poor  reflection.  On 
the  Arizona  crystal  it  occurs  twice  as  broad  faces. 


Measured. 

Calculated. 

California                                                                           

o           /                  or 

48     52    ^ 

Arizona                                                                                    .. 

49     16 

J-       48     20 
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The  macro  prism  <y=too  =320  is  present  several  times.     The  meas- 
ured angles  vary  somewhat. 


Measured. 

Calculated. 

California                 

o 

58 
59 
60 
59 
59 
60 
59 
60 
59 
60 
60 

55 
42 
36 

38 
23 
14 
04 
07 
25 
23 
31 

o             / 

Do 

Do 

Do 

Do 

Do 

,       59     19 

Do 

Do 

Do 

Do 

, 

The  macro  prism  n=2cc  =  210  is  present  four  times.     The  reflec- 
tions were  fair. 


Measured. 

Calculated. 

o 

65 
65 
65 
65 

26 
35 

19 

12 

o             / 

1 ), » 

Do 

>       66     01 

Do 

The  macro  dome  o7=|-0  =  102  is  present  once  on  the  Arizona  crystal. 
The  reflections  were  not  very  good. 

The  dome  y  =  f 0  =  203  is  present  on  one  of  the  California  crystals. 
The  face  is  exceedingly  minute  and  the  reflection  was  poor. 

On  crystal  No.  4  (New  York)  were  observed  two  very  small  faces, 
giving  poor  reflections. 


(1) 
(2) 


v. 

o 

, 

i 

83 

46 

\ 

83 

16 

1 

SO 

19 

1 

84 

17 

17  54 

17  44 

ir,  50 

17  28 


These  agree  approximately  with  the  symbol  {8.1.20},  or  considering 
the  form  vicinal  to  a  dome,  to  j  205  \ . 
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The  combinations  seen  on  the  six  crystals  are  as  follows: 


No. 

1 

No. 

2 

No. 

3 

No. 

4 

No. 

5 

No. 

6 

California 
California 
Arizona  . . 
New  York 
New  York 
New  York 


b, 

a, 

!, 

—, 

Til, 

9, 

n, 

—j    '- 

b, 

a, 

1, 

K 

m, 

9, 

ft, 

d,  - 

b, 

a, 

I, 

:; 

5 

9, 
9, 

y 

> 

> 

-, 

a, 

I, 

— , 

—  , 

9, 

> 

) 

Fig.  8  shows  three  of  the  crystals.  A  is  from  California;  size, 
1  mm.  X  i  mm.  B  is  from  New  York;  size,  1  mm.  X  i  mm.  C  is  from 
Arizona;  size,  1  mm.  X  1  mm. 

The  following  table  gives  the  calculation  of  the  forms  of  dumortierite 
based  on  the  elements  given  in  this  paper.  The  table  corresponds  to 
the  forms  given  in  Goldschmidt's  Winkeltabellen. 


a =.8897 

lga=9.94924 

lgao=0.11202 

]gp0 =9.88779 

a0=1.2943 

p0=.7723 

c  =  .6871 

lgc= 9.83702 

lgb0= 0.16298 

lgqo=9.83702 

b0=1.4554 

q0=.6871 

No. 

Let- 
ter. 

Sj 

m. 

<*> 

P- 

£ 

V 

f. 

-0- 

X 

(Prism) 
x:  y. 

.'/• 

d=tg  p. 

Mil- 
ler. 

gdt. 

0 

, 

0      / 

c 

, 

0 

, 

0 

, 

0      1 

1 

b 

010 

0oo 

0 

00 

90    00 

0 

00 

90 

00 

0 

00 

90    00 

0 

oc 

00 

2 

a 

100 

ccO 

90 

00 

90    00 

90 

00 

0 

00 

90 

00 

0    00 

00 

0 

OO 

3 

I 

120 

oc2 

29 

07 

90     00 

90 

00 

90 

00 

29 

07 

60    53 

.5570 

00 . 

00 

4 

VI 

110 

OO 

49 

01 

90    00 

90 

00 

90 

00 

49 

01 

40    59 

1.1510 

(X 

00 

5 

0 

320 

fOC 

59 

47 

90    00 

90 

00 

90 

00 

59 

47 

30     13 

1.7170 

OO 

OO 

6 

n 

210 

2  co 

65 

23 

90    00 

90 

00 

90 

00 

65 

23 

24    37 

2. 1825 

OO 

OO 

7 

d 

102 

5O 

90 

00 

21     07 

21 

07 

0 

00 

21 

07 

0    00 

.3862 

0 

0.  3862 

8 

V 

203 

10 

90 

00 

27     14 

27 

14 

0 

00 

27 

14 

0    00 

.5147 

0 

.5147 

The  minerals  andalusite,  sillimanite,  staurolite,  and  dumortierite 
possess  certain  properties  that  are  very  much  alike.  They  are  all 
orthorhombic,  their  axial  ratios  are  similar,  their  principal  constitu- 
ents are  silica  and  alumina,  and  in  many  ways  these  minerals  can  well 
be  grouped  together.  Using  the  word  isomorphous  in  its  general 
loose  sense,  these  minerals  are  isomorphous.  A  comparison  of  their 
axial  ratios  is  given  below: 


a. 

c. 

Andalusite 

[         .9861 

.  7025 

Sillimanite 

.970 

(?) 
.  6942 

Staurolite 

.  9795 

Dumortierite 

!         . 8897 

.  6871 
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For  staurolite  the  values  are  taken  from  Goldschmidt's  Winkelta- 
frellen  with  the  a  and  c  axes  interchanged. 

There  was  some  question  in  the  writer's  mind  as  to  whether  the 
orientation  chosen  was  the  best  or  whether  the  present  prism  [210]  had 
not  better  be  made  the  unit  prism.  The  cleavage  is  parallel  to  this 
prism,  and  the  twinning  also  bears  some  relation  to  this  form.  More- 
over, the  ratio  above  given  for  staurolite,  though  adopted  by  Gold- 
schmidt,  is  not,  in  the  writer's  opinion,  the  best  one  for  the  mineral. 
The  one  given  by  Dana,  who  makes  the  a  axis  just  half  as  long,  would 
be  the  better  one.  The  common 
form  of  staurolite  is  prismatic,  with 
a  prism  angle  of  50°  -10'  (Dana). 

For  andalusite,  on  the  other  hand, 
the  prismatic  angle  is  89°  12'  and 
the  a  axis  should  be  .9861,  as  given. 
Should  dumortierite  be  classed  crys- 
lallographically  with  staurolite  or 
with  andalusite?  Unfortunately, 
the  evidence  is  almost  too  meager 
to  decide  this  question.  The  unit 
prism  is  poorly  developed  on  the 
California  crystals  and  entirely  ab- 
sent from  the  New  York,  the  stron- 
gest form  next  to  the  brachypin 
acoid  being  the  prism  {320}.  The 
prismatic  cleavage  is  parallel  to 
plO},  and  making  the  cleavage  form 
the  unit  prism  the  a  axis  should  be 
given  half  its  present  value.  On 
the  other  hand,  the  Arizona  crystal  is  of  the  typical  andalusite  habit, 
and,  making  the  prism  the  unit  one,  we  obtain  the  axes  as  here  given. 
Giving  staurolite  the  (approximate)  same  axes  as  andalusite  and 
dumortierite,  the  prismatic  cleavage  is  parallel  to  the  same  form  as  in 
dumortierite  {210}. 

It  may  be  worth  noting  that  as  staurolite  and  dumortierite  are 
related  crystallographically  more  closely  than  either  with  andalusite, 
the  chemical  composition  of  the  two  former  is  much  more  complex 
than  that  of  the  last  named  species. 


Fig.  8. — Dumortierite. 


PHYSICAL,  PROPERTIES. 

GENERAL   PROPERTIES. 


Macroscopic  crystals  are  exceedingly  rare,  the  mineral  usually 
occurring  in  prismatic  fibrous  forms  showing  no  crystal  faces.  The 
Washington  mineral  occurs  in  spherulitic  forms  which  are  but  a 
special  arrangement  of  fibers. 
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The  cleavage  is — macropinacoidal  good,  prismatic  {210}  imperfect, 
and  basal  imperfect,  and  perhaps,  also,  in  traces,  brachypinacoidal. 
The  New  York  mineral  shows  the  macropinacoidal  cleavage  very  well, 
while  the  California  mineral  shows  the  imperfect  basal  cleavage.  The 
fracture  is  rough  and  the  fibrous  prisms  are  somewhat  brittle,  though 
a  mass  of  fibers  is  very  tough.     The  hardness  is  7. 

The  following  values  for  the  specific  gravity^  have  been  given: 

3.36 

3.265 

3.22 

3.319 
3.226-3.13 
3.211-3.302 

Av.     3.292 

The  writer  obtained  3.306  as  the  density  of  a  piece  weighing  about 
10  grams.     A  good  average  value  would  be  3.30. 

The  luster  is  vitreous,  somewhat  satiny  on  the  fibrous  California 
mineral.  The  color  is  usually  blue,  though  also  lavender  and  greenish 
blue  to  black.     The  colors  noted  are: 

France:  Blue,  black. 

Germany:  Blue,  bluish  green. 

Sweden:  Blue. 

New  York,  Arizona,  Washington:  Blue. 

California:  Lavender. 

The  mineral  is  usually  opaque  in  its  massive  form,  but  the  .small 
fibers  of  the  California  mineral  are  transparent  to  translucent. 


OPTICAL  CHARACTERS. 


All  the  determinations  made  on  the  mineral  from  different  localities 
have  given  the  same  orientation.  The  axial  plane  is  parallel  to  the 
brachypinacoid,  the  acute  bisectrix  is  normal  to  the  base.  The  mineral 
is  negative. 

The  following  are  the  pleochroisms  noted  on  the  mineral  from  dif- 
ferent localities:  Colorless  to  cobalt  blue,  pale  yellow  or  colorless  to 
cobalt  blue,  colorless  to  pistachio  green,  colorless  to  rose  salmon, 
colorless  to  deep  carmine,  colorless  to  red  purple  (California). 

AXIAL    ANGLES. 

On  the  Norway  mineral,  2VNa  was  determined  as  about  35  .  Linck 
states  that  the  angle  is  somewhat  less  than  that  of  muscovite. 
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The  axial  angle  on  the  California  dumortierite  is  small.  The  fol- 
lowing measurements  were  made  with  the  microscope  and  micrometer 
ocular,  and  represent  only  approximate  values: 

2ELi=33° 
2ENa=37 
2ECu=42 
The  dispersion  thus  is  p<.v. 

INDICES    OF    REFRACTION. 

Linck  obtained  for  the  dumortierite  from  Germany 

*=1.678 

p  =  1.686 

^=1.689 

a  —  y—    .011 

Michel  Levy  and  Lacroix  give  (y—a)  =  . 010  with  the  dispersion 
(strong)  p>£\  while  Bertrand  in  his  original  description  gives  p<v  as 
the  dispersion.  The  value  (y  —  a)  for  quartz  is  .009  and  for  andalusite 
.011.  The  birefringence  for  dumortierite  is  always  a  little  higher  than 
that  of  the  quartz,  and  in  the  Washington  mineral  very  nearly  that  of 
the  andalusite. 

PYROGNOSTICS. 

The  mineral  is  infusible  before  the  blowpipe,  but  loses  its  color, 
becoming  white.  It  gives  a  blue  color  on  heating  with  cobalt  nitrate. 
If  the  mineral  be  very  finely  powdered  and  intimately  mixed  with 
potassium  bisulphate  and  calcium  fluoride  and  the  powder  be  carefully 
introduced  into  the  flame,  a  green  color,  due  to  the  boric  acid,  may  be 
momentarily  seen,  but  it  is  an  exceedingly  difficult  reaction  to  obtain. 

CHTCMICAT,  COMPOSITION. 

In  1881,  after  the  first  announcement  of  the  discovery  of  the  mineral 
had  been  made  by  Gonnard,  Damour  gave  the  following  analysis  of 
the  mineral: 

SiO, 20.  85 

A1203 66.  02 

Fe2G3 1.01 

MgO 45 

Ign 2.25 

99.  58 
Specific  gravity  3.  .'>0 

From  this  analysis  the  formula  4Al203,3Si02  was  calculated. 
Damour  did  not  suspect  the  presence  of  boric  acid  in  the  mineral,  and 
what  was  weighed  as  alumina  probably  contained   several   per    cent 

Bull.  202—05 8 
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B203.  In  1887  Riggs  gave  an  analysis  of  the  New  York  mineral,  in 
which  he  found  4  per  cent  B203.  Two  years  later  Whitfield  gave 
several  analyses  of  American  dumortierite,  all  showing  the  presence 
of  B203.  In  1899  Linck  gave  some  observations  on  the  mineral, 
including  an  analysis  by  W.  Schimpif ,  showing  a  strong  test  for  boric 
acid.  In  1902  Ford  gave  us  three  anatyses  of  American  dumortierite 
and  also  mentioned  two  new  localities.  During  the  winter  of  1903-4 
the  writer  made  an  analysis  of  the  California  dumortierite  collected  by 
himself  during  the  previous  summer.  An  analysis  was  also  made  at 
the  same  time  of  the  Washington  dumortierite  kindly  furnished  by 
Mr.  Brereton. 

Believing  that  one  good  analysis  is  better  than  several  poorer  ones 
for  the  exact  determination  of  the  formula  of  the  mineral,  there  will! 
be  presented  an  analysis  of  the  California  dumortierite  made  by  the 
writer.     From  this  a  formula  has  been  calculated  for  the  mineral, 
and  it  will  be  shown  how  the  other  analyses  agree  with  this  proposed! 
formula.     Before  giving  the  results  a  few  preliminary  words  will  noti 
be  out  of  place. 

An  analysis  of  dumortierite  is  a  difficult  operation.  The  small  1 
amount  of  silica  makes  it  difficult  to  get  a  good  fusion.  On  prelimi- 
nary trials  on  an  analysis  of  the  California  dumortierite,  it  was  found 
that  what  was  weighed  as  silica  in  the  regular  course  of  the  analysis 
contained  more  or  less  of  the  undecomposed  mineral.  Results  of1 
about  30  to  32  per  cent  were  obtained.  This  is,  of  course,  on  the 
uncorrected  silica.  It  was  found  that  a  second  fusion  of  the  supposed 
silica  was  not  only  very  beneficial,  but  also  necessaiy.  What  was 
then  weighed  as  silica  contained  but  little  residue.  The  handling  of 
so  large  an  amount  of  alumina  is  very  cumbersome,  and  an  accurate 
determination  of  the  alumina  (plus  iron  and  other  oxides  here  pre- 
cipitated) is  difficult.  The  boric  acid  determination  is  tedious  and 
difficult.  The  accurate  determination  of  the  water,  which  is  given  off 
only  at  a  high  temperature,  is  also  not  easy.  One  can  thus  see  that 
an  analysis  of  such  a  mineral  is  a  troublesome  operation  and  that  a 
greater  allowance  must  be  made  than  for  most  silicate  analyses. 

The  specimen  analyzed  was  selected  in  the  field,  an  exceedingly 
pure  piece  weighing  about  10  grams  being  chosen.  The  spec™ 
gravity  of  this  piece  was  taken  by  suspension  in  water,  giving  3.306. 
This  was  broken  into  small  pieces  and  carefully  examined  for  musco- 
vite,  quartz,  or  other  minerals.  Sections  of  the  mineral  sh  wed  that 
the  dumortierite  was  free  from  any  inclusions.  No  grains  of  any  tita- 
nium mineral  abundant  in  the  quartz  could  be  detected.  When  the 
mineral  was  powdered  it  was  treated  with  heavy  solution,  of  specific 
gravity  3.10,  and  a  minute  amount  of  mineral  (muscovite?)  stayed  on 
top  and  was  removed.  The  separation  was  repeated  several  times, 
and  the  powder  was  dried  at  100°  and  carefully  examined  under  the 
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microscope   for    impurities.      None    was    found.      The    mineral    was 
unquestionably  pure. 

The  general  analytical  methods  used  were  those  pursued  in  the 
Survey  laboratory  for  silicate  analyses,  with  a  few  modifications.  The 
mineral  was  fused  with  sodium  carbonate,  the  silica  separated  and 
re-fused  with  sodium  carbonate.  The  silica  was  filtered  off,  weighed, 
and  treated  with  HF,  which  left  some  residue.  The  alumina  (plus 
iron  and  titanium)  was  precipitated  three  times  to  be  sure  of  remov- 
ing all  of  the  sodium  salts.  It  was  ignited  and  weighed  with  the 
silica  residue,  fused  with  sodium  bisulphate,  some  silica  recovered, 
the  iron  was  reduced  and  determined  by  titration  and  the  titanium 
was  determined  colorimetrically.  The  presence  of  titanium  was  sus- 
pected from  the  color  of  the  pleochroism  of  the  mineral.  The  boric 
acid  was  determined  by  the  Gooch  method,  using  all  of  the  known 
precautions.  The  mineral  was  twice  fused  with  sodium  carbonate  and 
the  boric  acid  was  finally  weighed  as  calcium  borate.  The  water  was 
collected  in  a  calcium  chloride  tube,  the  mineral  being  heated  in  a 
Gooch  tubulated  crucible  in  the  usual  manner.  A  blank  determina- 
tion was  run  before  and  after  each  water  determination  and  a  small 
correction  applied.  All  possible  precautions  were  taken  throughout 
the  analysis,  which  was  made  in  duplicate.  The  results  are  given 
below. 


Si02. 

A1A 
TiA 
FeA 
H  A 
BA 


28.58 

63.  31 

1.49 

.21 

1.53 

5.21 


28.78 

63.  30 

1.40 

.25 

1.51 

5.53 


100. 33     100. 


Average. 


28.68 

63.  31 

1.45 

.23 

1.52 

5.37 


100.  56 


The  titanium  is  regarded  as  present  as  Ti30.n  replacing  the  alumina. 
Combining  the  alumina,  titanium,  andiron,  the  following  ratios  are 
obtained: 

Si02 5.94  . >r «; 

A1A 8.00        8 

BA 1-06        L 

H20 96       1 

The  formula  for  dumortierite  then  is 

8A1A,  UUXp  1H20,  6Si02. 
It  has  not  been  proved  that  either  boric  acid  and  alumina  or  boric 
acid  and  hydroxyl  may  mutually  replace  each  other  in  minerals  as  Huor- 
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ine  and  hydroxy  1  are  known  to  do.  There  is,  then,  no  reason  that  the 
writer  can  see  why  the  alumina,  boric  acid,  and  water  in  dumortierite 
should  not  be  present  in  fixed  quantities,  and  that  the  variations 
shown  in  analyses  are  not  due  to  "  isomorphous  replacements,"  but  to 
inaccuracy  of  analyses  or  impure  material. 

Having-  established  the  above  formula  from  the  analysis,  let  us  see 
how  closely  the  other  analyses  conform  to  it. 

The  best  series  of  analyses  is  that  made  Ity  Ford  of  mineral  from 
three  American  localities.  His  first  analyses  of  the  Arizona  material 
are  tabulated  below. 


8i02  . 

AU>:! 
Fe20. 

B203- 
H90. 


l. 


30.  00 

63.  20 

.23 

5.47 

1.45 


2. 


29.  66 
63.  74 

.23 
5.06 

1 .  38 


29.91 
63.76 


Average. 


29.  86 

63.  56 

.23 

5.  26 

1.41 


100.  32 


The  ratios  calculated  from  the  average  analysis  give 

Si02 6.  29  or  6X1.  05 

ALA 7.94       8X   .99 

BA 96       IX   .96 

H20 1.  00        1X1.  00 

The  agreement  with  the  proposed  formula  is  perfect. 

His  second  analysis,  that  of  the  California  mineral,  shows  slight 
variations  from  the  results  obtained  by  the  writer.  The  presence  of 
titanium  was  not  determined.     His  analysis  is: 


SiG2  . 
AIA 
FeA 
BA- 
H,0  . 


30.  58 

61.83 

.36 

5.  93 

2.  14 


100.  84 


Ratios. 


6.  17  or  6X1.  03" 

7.40       8X   .93 

1.04       1X1.04 
1 . 45       1 X 1 ■ 45 


The  ratios  agree  well  with  the  new  formula  except  for  the  water 
content.  Remembering,  however,  that  the  amount  of  water  present 
is  very  small  and  that  a  difference  of  0.10  per  cent,  would  make  a 
large  difference  in  the  ratios;  that  Ford  determined  his  water  by  ignit- 
ing the  mineral  with  lime,  thus  not  weighing  the  water  directly;  and 
that  the  writer  obtained  only  1.52  per  cent  on  the  same  mineral  from 
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the  same  locality,  it  seems  much  preferable  to  regard  the  determi- 
nation of  the  water  in  Ford's  analysis  as  too  high  rather  than  to 
attempt  an  explanation  of  it  by  the  assumption  of  "  isomorphous 
replacement,  etc." 

Of  the  third  analysis  by  Ford  of  the  New  York  mineral,  he  says:  "It 
is  fully  realized  that  the  results  are  not  to  be  looked  upon  as  being  as 
exact  as  those  of  the  other  analyses." 

His  analysis  is: 


Si()2 

AU>: 

Fe20: 

BA 

H20 


Katios. 


6.23  or  6X1.  04 
7.28       8X   .90 

1.00       1X1.06 
1.40       1X1.40 


Assuming  that  his  water  content  is  somewhat  high,  the  ratios  agree 
well  with  the  new  formula. 

This  concludes  the  list  of  analyses  of  dumortierite  which  were  made 
on  pure  material  and  with  due  knowledge  of  what  was  to  be  determined. 
A  number  of  other  analyses  will  now  be  given,  which  serve  in  a  gen- 
eral way  for  the  determination  of  the  composition  of  the  mineral,  but 
can  not  be  relied  on  for  exact  results. 

One,  which  has  heretofore  not  been  published,  was  made  by  the 
writer  on  the  Washington  dumortierite.  About  200  grams  of  the  rock 
was  powdered,  and  by  repeated  separation  with  heavy  solutions  about 
4  grams  of  dumortierite  were  obtained.  The  sample  was  by  no  means 
pure.  It  was  found  impossible  to  remove  all  the  andalusite,  an  unknown 
but  small  amount  remaining.  It  was  found  during  the  course  of  the 
analysis  that  the  samples  also  contained  some  titanite  (leucoxene)  and 
a  very  small  amount  of  pyrite.  The  analysis  was  made  with  all  the 
care  possible,  and  the  following  results  were  obtained: 


SiQ2  . 
A1203 

FeA 
Ti( ), . 
H20  . 

BA- 

Ca()  . 


100.03 


Ratios  after  deduct- 
iTig  titanite. 


28.  51 

5.  97  « 

r  0X0.99 

59.  75 
2.  48 

} 

7.  so 

8X   .97 

.  95 

2.  12 

1.53 

1X1.53 

5.  54 

L.03 

1X1.03 

.  68 

118  CONTRIBUTIONS    TO    MINERALOGY.  [bull.  262. 

Excepting*  for  the  high-water  content  the  analysis  agrees  very  well 
with  the  formula.  No  allowance  was  made  for  the  small  amount  of 
andalusite  present,  which  would  slightly  alter  the  ratios. 

The  analysis  by  Schimpff  of  dumortierite  from  Germany  is  given 
below.     Obviously  it  is  worthless  for  an}T  calculation. 

Si02 36.  81 

A120S 57.  27 

CaO 1.  66 

MgO 1.  38 

Ign 1.  31 

B203 strong  test 

98.  43 

Of  similar  character  is  Jannasch's  analysis  of  the  Argentine  mineral. 
The  sample  was  .probably  very  impure. 

Si02 35. 01 

B203 2. 51 

Ti02  (Ti2G3?)  1.  08 

A1203 51.  49 

Fe203 1-04 

CaO 28 

MgO 54 

K20 3.  62 

Na20 96 

H20 3.  02 

99.55 
Specific  gravity 3.  255 

There  now  remain  the  analyses  of  Whitfield  and  Riggs,  of  which 
but  one  is  suitable  for  any  calculation.  The  analyses  are  as  follows, 
No.  1  being  of  the  New  York  mineral,  by  Riggs;  No.  2  of  the  New 
York,  and  Nos.  3  and  4  of  the  Arizona  mineral,  bv  Whitfield. 


Si02  . 

Al-A 
MgO. 


Na20 
PA  - 
B203- 
lgn._ 


34.  82 

55.  30 

.57 

1.04 

1.  76 


4.07 
2.96 

100.  52 


31.  44 
68.91 


trace 


100.33 


31.52 

63.  66 

.52 

.11 

.37 


2.62 
1.34 


100.  14 


27.  99 
64.  49 
trace 


.20 
4.  95 

1.72 

99.  35 
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*    The  ratios  of  the  lust  analyses  are 

SiO, 5.  94  or  6X0.  99 

A1203 8.  09       8X1. 01 

B203 HO       1  x  .80 

II,<) 1.22       1X1.22 

Approximately  they  agree  with  the  formula. 

The  only  question  of  which  there  seems  to  be  any  doubt  is  whether 
the  water  should  be  1  or  1^  molecules.  As,  however,  the  best  analyses 
show  but  1  molecule  and  their  evidence  is  considered  as  of  much  more 
value  than  a  larger  number  of  inferior  analyses,  there  is  no  question 
in  the  writer's  mind  but  that  the  formula  for  dumortierite  is 

8A1203,  IRA,  1H20,  6Si02. 

This  may  be  written 

(Si04),Al(A10)7(BO)H, 

which  is  the  same  as  the  formula  given  by  Groth  except  that  for  (BO) 
he  puts  (AlO).     His  formula  is  (Si04)3Al(A10)8H. 
This  formula  may  be  written  in  the  following  form: 


SiO=(A10)3 
Al^SiO=(A10)3 
SiO  —  AlO 

\BO 

\H 

This  formula  is  similar  to  that  of  andalusite,  which  is  written 

SiO=Al 
Ah(SiO==Al 
Si04=(A10)3 

Dumortierite  alters  to  muscovite.  The  change  can  be  very  well 
shown  by  these  formula?,  and  seems  to  be  entirely  in-  accordance  with 
thc.gi  oup  of  minerals  to  which  it  is  related. 

Dumortierite.  Muscovite. 

Si()=E(A10),  SiO=Al 

Al^SiO=(A10)3=Al<(Si04E=Al 

SiO.— AlO  SiO— K 

\BO  \1I, 

\H 


-[-alumina  and  boric  acid  set  free. 
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MINERALOGICAL  NOTES. 


By    W.    T.    SCHALLER. 


1.  HAIjTjOYSITE. 

The  pink  clay  occurring-  at  Branchville,  Conn.,  has  been  shown a  to 
be  montmorillonite,  while  that  occurring  at  Norway.  Me.,  has  proved6 
to  be  cimolite.  That  from  the  lepidolite  mine  near  Pala,  San  Diego 
County,  Cal.,  differs  from  both  of  the  New  England  clays,  being 
comparable  with  halloysite. 

At  Pala  the  halloysite  occurs  in  large  seams,  often  several  inches 
thick,  and  many  feet  in  length.  The  clay  is  somewhat  moist,  but 
quickly  dries  to  a  crumbling  mass  when  taken  out  of  the  mine.  In 
color  it  is  rather  deeper  pink  than  the  Norway  cimolite  and  occasion- 
ally is  somewhat  translucent.  It  readily  crumbles  to  a  fine  powder 
when  placed  in  water.  The  material  analyzed  had  been  drying  in  the 
air  for  over  three  months. 

The  results  of  analysis  are  shown  below. 

Si02 43.  62 

A1203 35.  55 

Fe203 21 

MnO 20 

CaO 1 .  ( )2 

MgO : 19 

Li20 23 

Na,0 19 

K26 03 

H20  (107°) 6.63 

H20  (above  107°) 12.  25 

Ti( ), none 

100.  18 

The  iron  was  determined  as  Fe203,  FeO  not  being  tested  for.  The 
analysis  agrees  well  with  the  formula 

H4Al2Si209+H20. 

"Am.  Jour.  Sci.,  vol.  20,  1880,  p.  283.  '-  Ibid.,  32,  1886,  i>.  355. 
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2.  AMBLYGONITE. 

The  occurrence  of  amblygonite  at  the  lepidolite  mine  at  Pala,  Cal., 
has  already  been  noticed,  and  a  somewhat  fuller  description  of  the 
mineral  is  here  given.  A  large  deposit  has  been  uncovered,  and  the 
indications  seem  to  show  that  it  is  merely  a  small  part  of  an  extensive 
body  of  massive  amblygonite.  The  mineral  usually  occurs  pure;  very 
rarely  small  amounts  of  lepidolite  are  present  with  it.  Frequently 
broad  cleavage  faces  with  irregular  outlines  can  be  seen.  The  color 
is  white  and  in  thin  pieces  the  mineral  is  translucent.  It  fuses  easily, 
coloring  the  flame  red,  and  in  powder  is  difficultly  decomposed  by 
sulphuric  acid. 

An  analysis  of  a  specimen  kindly  presented  by  Mr.  G.  F.  Kunz 
gave  the  writer  the  following  results: 

P205 •__. 48.83 

ALA 33.70 

Fe203 12 

MnO 09 

MgO 31 

Li20 9.  88 

Na20 14 

H20 5.  95 

F 2.  29 

Ti02 none 

101.31 
Less  O 96 

100.  35 

Regarding  fluorine  and  hydroxyl  as  isomorphous,  in  the  specimen 
analyzed  the  latter  greatly  predominates  over  the  fluorine.  The  water 
was  determined  by  igniting  the  mineral  with  lead  oxide,  previous!! 
heated  nearly  to  fusion.  Three  determinations  gave  the  loss  of  weight, 
due  to  the  escape  of  water,  as  5.89,  6.01,  5.95  per  cent.  The  loss  of 
the  mineral  on  ignition  was  8.03  per  cent,  equaling  the  sum  of  the 
water  and  fluorine  content. 

3.  BOOTIIITTC. 

A  specimen  of  a  pale- blue  copper  sulphate  was  collected  at  the 
copper  mine  near  Campo  Seco,  Calaveras  County,  Cal.,  by  Mr.  James 
Wise  and  kindly  presented  to  the  writer  for  investigation.  The  pale- 
blue  color  suggested  that  the  mineral  might  be  boothite  instead  of  the 
more  frequently  occurring  chalcanthite.  The  results  of  a  chemical 
analysis  have  shown  that  the  mineral  is  boothite,  thus  affording  a 
second  locality  for  this  interesting  mineral.  Careful  quantitative 
determinations  of  hydrous  copper  sulphates  will  probably  show  that 
the  heptahydrate  is  not  so  rare  as  may  be  supposed. 
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The  mineral  from  Campo  Seeo  occurs  massive,  showing  no  crystal- 
line structure.  The  average  of  several  determinations  afforded  the 
results  shown  below. 


Ratio. 

26.13 

LOO 

.81 

.  03 

.64 

.05 

27.25 

1 .  04 

CuO. 
Fe< ) . 
MgO 

S03  . 


H,0  ( 110° ) 36.  70  ^ 


H20  (above  110°) 
lasol  


4.01 


41.67 


3.  96 


100.46 


6.21 


84/' 


06 


Formula,  CuS04.H20+6H26. 

A  careful  determination  of  the  specific  gravity  of  the  mineral  gave 
(21  C.)  1.944.  This  being  much  lower  than  the  value  obtained  (2.1) 
on  the  boothite  from  Leona  Heights,  a  redetermination  of  the  latter 
was  made  on  purer  material  collected  since  the  publication  of  the  first 
results."  This  gave  as  an  average,  value  the  figure  (22°  C.)  1.935. 
The  average  of  these  two  determinations,  or  1.94,  is  probably  very 
near  the  true  value  for  the  specific  gravity  of  boothite. 


4.  PISANITE. 

A  small  specimen  of  massive  pisanite  from  Gonzales,  Monterey 
County,  Cal.,  was  analyzed  some  time  ago  and  the  results  are  here 
presented.  The  quantity  of  material  available  for  analysis  was  very 
small  and  the  determinations  do  not  claim  any  great  accuracy.  About 
6  per  cent  of  insoluble  matter  has  been  deducted  and  the  results  recal- 
culated to  100  per  cent. 


Ratio. 

Cu< ) 

7.56 
15.  85 
30.  74 
45.  85 

0.27^ 

M).  89 
.72/ 

Fe( ) '..... 

S< ), 

1   08 

H20 

7.  18 

100.00 

The 

anatysis 

approximates  to  the  formula  Cu0.2Fe0.3S( 

)sr21H20. 

nSchaller,  W.  T.,  Minerals  from  Leona  Heights,  Alameda  County,  Cal.:  Bull.  Dept.  Geol.  Univ. 
Cal.,  vol.  3,  No.  7. 
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In  the  following"  table  all  available  analyses  of  pisanite  are  tabu- 
lated, and  one  can  readily  see  that  there  is  no  definite  ratio  between 
the  copper  and  iron.  The  formula  is  then  written  (Ci^Fe^O^.THgO, 
pisanite  being-  an  isomorphous  mixture  of  melanterite  and  boothite. 
All  the  analyses  are  calculated  to  100  per  cent.a 


No.  1. 

No.  2. 

No.  3. 

No.  4. 

No.  5. 

No.  G. 

CuO 

7.56 
15.85 
30.  74 
45.  85 

9.17 
16.  37 
29.  00 
45.  46 

10.07 

(16.15) 

28.84 

(44.94) 

12.61 
14.  14 
28.44 
44.81 

15.  52 

FeO  

25.  86 
28.80 
45.  34 

12.14 

SO, 

27.82 

H20 

44.  52 

100.00 

100.00 

100.  00 

100.  00 

100.  00 

100.  00 

No.  7. 

No.  8. 

No.  9. 

No.  10. 

No.  11. 

Cuo ; 

15.  56 
10.  98 
29.  90 
43.  56 

17.45 
10.18 
28.  43 
43.94 

17.64 
9.62 

28.27 
44.47 

18.81 

8.51 

27.93 

44.75 

27.85 

FeO 

so3 

28.02 

H20 

44.  13 

100.  00 

100.  00 

100.  00 

100.  00 

100.  00 

5.  GYROLITE. 

In  the  same  rock  and  but  about  50  feet  distant  from  the  place  where 
the  pectolite5  and  datolite  occur,  at  Fort  Point,  San  Francisco,  Cal., 
were  a  number  of  veins  of  a  pearly  massive  zeolite,  which  analysis 
showed  to  be  gyrolite.  The  veins,  ranging  from  microscopic  size  to  a 
thickness  of  nearly  a  centimeter,  occur  in  a  dark  basic  igneous  rock, 
probably  a  basalt.  The  gyrolite  has  replaced  the  rock  and  grown  out- 
ward from  both  sides  of  the  vein,  forming  a  contact  line  in  the  middle 
where  the  two  parts  join.  The  mineral  is  grouped  in  spherical  and 
also  in  massive  platy  or  plumose  aggregates.  It  is  at  times  associated 
with  apophyllite,  but  usually  occurs  pure.  Its  color  on  the  fresh 
fracture  is  white,  while  on  the  weathered  surface  it  is  a  brownish- 
3rellow.     It  has  a  decided  pearly  Luster  and  possesses  a  good  cleavage. 

Under  the  microscope,  a  thin  section  of  the  rock  containing  these 
veins  shows  that  the  rock  has  been  replaced  by  this  secondary  mineral, 
always  commencing  as  a  minute  vein,  probably  originating  in  a  micro- 

a  A.nal.  No.  1,  theoretical  comp.  of  melanterite,  FeS04.7Ho0.  No.  2,  Schaller,  anal,  quoted  above;  No. 
3,  Schaller,  Bull.  Dept.  Geol.  Univ.  of  Cal.,  vol.  3,  No.  7;  No.  4,  Hintz,  Zeit.  Krys.,  2,  309;  No.  5,  Hille- 
brand,  Bull.  U.  S.  Geol.  Survey  No.  220,  p.  105;  No.  6,  see  No.  3;  No.  7,  Pisani,  Comptes  Rendus,  1859, 
48.  807;  No.  8,  see  No  3;  Nos.  9  and  10,  Herz.  Zeit.  Krys.,  26,  16;  No.  11,  theoretical  comp.  of  boothite, 
CuS04.7H20. 

bEakle,  A.  S.,  Mineralogical  notes:  Bull.  Dept.  Geol.  Univ.  Cal.,  vol.  2,  No.  10,  1901. 
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scopic  fissure  of  the  rock.  A  multitude  of  these  veins  are  present, 
lying  in  nearly  parallel  position  and  varying  greatly  in  size.  There  is 
nothing  to  suggest  that  the  gyrolite  may  have  been  derived  from 
apophvllite.  It  may  have  been  derived  entirely  from  the  igneous 
rock  or  only  in  part.  The  mineral  was  first  deposited  at  the  walls  of 
the  vein  and  from  thence  grew  outward  into  the  open  fissure  from 
both  sides,  also  probably  replacing  the  rock  wall.  The  thin  section, 
as  well  as  the  hand  specimen,  shows  a  decided  plumose  structure  of 
the  mineral.  These  plumose  aggregates  show,  under  crossed  nicols, 
the  black  extinction  cross.  The  interference  colors  are  bright  and 
vivid.  Heddle  a  sa}^s  of  these:  uThe  sections  of  orbicular  gyrolite 
are  among  the  most  splendid  of  polariscopic  objects,  resembling  a  cir- 
cularly opened  fan,  of  most  brilliant  and  abruptly  contrasted  colors." 

The  properties  of  the  mineral  are  not  very  well  known.  Heddle6 
mentions  some  crystals  resembling  heulandite  in  form.  The  mineral 
is  described  as  unaxial,  though  as  a  matter  of  fact  it  is  biaxial,  but 
like  biotite  the  axial  angle  becomes  0°  at  times.  Cleavage  plates 
show  the  emergence  of  a  bisectrix.  The  (approximate)  measurement 
of  2  ENa  gave  values  (on  the  Fort  Point  material)  of  from  0°  to  25°. 
The  sign  is  always  negative.  Heddle  obtained  2  E  =  0C  —  3°.  When 
there  was  a  straight  edge  suggesting  a  possible  crystal  direction,  the 
extinction  was  not  parallel. 

Danac  gives  as  the  formula  of  the  mineral  3H20,  2CaO,  3Si02, 
while  Clarke d  gives  5H20,  -iCaO,  6Si02,  which  is  the  formula  deduced 
by  the  writer  from  the  following  analysis  of  the  San  Francisco 
mineral: 


Si02. 
A1,03 
CaO  . 
Na20 
H20. 


53.47  i 

.22  !. 

32.00    ] 

1.25  |/ 

13.21 


100. 15 


6.02 


4.02 


4.  W 


The  specific  gravity  is  2.39.  Traces  of  iron,  magnesium,  and 
potassium  are  present,  while  strontium,  chlorine,  and  fluorine  are 
absent. 


"  Heddle,  M.  F.,  On  the  optic  properties  of  gyrolite:  Min.  Mag.,  vol.  9,  1890-1891,  p.  391. 
''Heddle,  M.  F.,  On  the  crystalline  form  of  gyrolite:  Min.  Mag.,  vol.  8,  1888  1889,  p.  272. 
cSystem  of  Mineralogy,  6th  edition,  p.  566,  1892. 
dClarke,  F.  W.,  The  constitution  of  the  silicates:   Bull,  1'.  S,  Geol,  Survey  No,  125,  1895,  p.  81, 
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The  mineral  is  easily  decomposed  by  hydrochloric  acid.  Certain  anal- 
ogies can  be  noted  between  heulandite  and  gyrolite,  and  from  this  and 
the  properties  of  the  mineral,  as  far  as  known,  the  writer  believes 
gyrolite  to  be  monoclinic.  Heddle  says  in  connection  with  some  plane 
angles  he  measured  on  gyrolite  from  Scotland:  "The  above,  as  far  as 
it  goes,  seems  to  show  gyrolite  to  be  oblique,  and  near  heulandite  in 
form." 

The  formulae  of  the  two  minerals  are  also  similar. 

Gyrolite 68i02.  4CaO.  5H20. 

Heulandite 6Si02.  A1203.    CaO.  5H20. 

6.  APOPHYLLITE. 

With  the  gyrolite  were  found  a  number  of  specimens  of  clear,  trans- 
parent, but  very  minute  crystals  of  apophyllite.  These  are  usually 
less  than  1  mm.  thick  and  show  only  the  base,  prism  of  the  second 
order,  and  the  unit  pyramid  of  the  first  order.  Some  years  ago  a] 
specimen  was  obtained  here  on  which  the  apophyllite  crystals  have 
been  changed  to  quartz.  As  they  proved  to  be  infusible,  a  more 
extended  investigation  of  them  was  made. 

The  crystals,  from  1  to  3  mm.  in  diameter,  appear  cubic,  with  the 
corners  truncated  by  small  faces.  Measurements  of  the  best  crystals 
showed  that  they  are  tetragonal  and  that  they  agree  in  angles  with 
those  of  apophyllite.  The  prism  faces  are  vertically  striated  and  faces 
of  the  other  two  forms  are  also  rarety  somewhat  striated. 

By  trial  it  was  found  that  hydrochloric  acid  does  not  attack  the 
crystals,  so  that  the  associated  calcite  was  easily  removed  and  pure 
material  for  analysis  was  obtained.  The  crystals  are  opaque,  and  no 
optical  determinations  could  be  made. 

The  analysis  gave  the  following  figures,  showing  that  the  crystals 
are  now,  chemically,  essentially  silica  with  various  impurities: 

Si02 90.  58 

A1203 1.  58 

CaO 1.  87 

MgO 2.  20 

H90 4.  32 


100.  55 


TEi/LtmrrE. 


Several  small  crystals  of  tellurite  were  referred  to  the  writer  by 
Doctor  Hillebrand.  Their  locality  is  the  W.  P.  H.  mine,  Cripple 
Creek,  Colo.  The  crystals  are  transparent  yellow  and  reach  a  length 
of  about  2  mm.  They  are  thin  tabular  parallel  to  the  brachypinacoid. 
This  form  is  normal  to  a  bisectrix,  and  the  axial  plane  is  parallel 
to  a  (100). 
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The  crystals  show  numerous  vicinal  faces,  which  are  here  not  given. 
The  forms  which  were  established  are" 

5={010},  r={l20},  *A={520},  *l={210},  p={lll}. 

The  angles  measured  are: 


Measured. 

Calculated. 

</>• 

p- 

</>• 

p- 

6—010                  

0     00 
47     34 
79     30 

77     17 
65     47 

o 

90 
90 
90 
90 
48 

00 
00 
00 
00 
14 

0     00 
47     30 
79     37 
77     06 
65     23 

o             / 

90     00 

r— 120 

90     00 

ff=520 

/— 210    

90  00 
90     00 

p  —  111             

48     16 

The  two  new  forms,  h  and  /,  gave  the  following  measurements: 


h  -- 

=  \  54>0  \ 

Measured, 
0. 

Calculated, 
<t>. 

Crystal  No.  1 

0 

79 
79 
79 

80 
79 
79 

/ 

01 
19 
14 
5!) 
02 
26 

o          / 

Do 

Crystal  No.  2 

Crystal  No.  4 

Do 

>       79     37 

Do 

On  crystals  Nos.l  and  4  the  faces  are  very  nar- 
row, while  on  crystal  No.  2  they  are  much  broader. 
The  reflections  were  fairly  good. 


l={210\. 

Measured, 

Calculated, 

Crystal  No   3 

0                 / 

77     21 
77     12 

0              / 

i       77     06 

Do 

Fkj.  9.— Telluritt 


The  faces  were  both  narrow  and  the  reflections  were  rather  poor. 

It  seems  to  the  writer  that  the  axial  ratio  as  given  by  Dana  should 
bo  preferred  to  that  of  Goldschniidt,  who  doubles  both  the  <i  and  c 
axes.     This  would  make  the  (only)  terminal   form  the  unit  pyramid, 
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while  the  forms  in  the  prism  zone  have  as  simple  indices  in  one  case 
as  in  another,  as  can  be  seen  from  the  following-  table. 


Dana. 

Gold- 
schmidt. 

010 
110 

120 
140 

010 ' 
210 
110 
120 

h 
I 

V 


Dana. 


520 
210 
111 


Gold- 
sehmidt. 


510 
410 
212 


8.  PREHNITE. 

A  mineral  from  Lower  California,  sent  by  G.  F.  Kunz  for  determi- 
nation, proved  to  be  prehnite.  The  analysis  gave  the  following, 
results: 

Si02 43.  48 

A1203 24.  52 

FeA 34 

CaO 27. 19 

H.,0 4.  49 

100.  02 
Specific  gravity 2.  90 

9.  HORNBLENDE. 

Coating  the  walls  and  projecting  into  the  amygdaloidal  cavities  of  a 
lava  from  Mono  County,  Cal.,  were  noted  small  crystals  of  hornblende, 
tridymite,  and  biotite.  The  locality  of  the  rock,  which  was  kindly 
furnished  b>^  Mr.  Maynard  Bixby,  of  Salt  Lake  City,  is  given  as  8 
miles  west  of  Bridgeport,  Mono  County,  Cal.  The  hornblende  and 
tridymite  occur  in  sharp  crystals,  of  which  a  few  were  measured. 

Biotite  occurs  abundantly  as  small  hexagonal  plates,  which,  under  the 
microscope,  show  at  times  a  zonal  banding  in  color,  the  darker  being 
on  the  outside.     The  axial  angle  is  very  small — at  times  uniaxial. 

The  hornblende  occurs  as  long  prismatic  crystals,  becoming  extremely 
acicular  and  hairlike  at  times.  It  is  often  grouped  in  radiating  bunches 
and  again  occurs  in  single  prisms.  Their  maximum  thickness  is  about 
one-half  millimeter,  and  in  length  they  reach  not  over  5  mm.  Under 
the  microscope  the  pleochroism  is  in  shades  of  brown.  The  maximum 
extinction  was  15°. 
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Two  terminated  crystals  of  measurable  size  showed  the  following- 
forms:     <?={00l},    5={010},    «={100},    m={110},    t=$0l},    s={02l}, 

|=:{I31}. 


Measured. 

Calculated. 

*• 

p. 

</>• 

?■ 

c  =  001 

o            / 

90    25 
0    00 
90     14 
62    08 
90     03 
24     32 
18     18 

0              / 

14    57 
90     00 
90    00 
90    00 
40    36 
32    50 
42     45 

0             / 

90     00 
0    00 
90     00 
62    05 
90    00 
24     28 
18    03 

o            / 

14     58 

1  =010 

90     00 

a  =  100 

90  00 
90  00 
40    05 

i=  110 

t  =201 

z  =  021 

32    50 

1  =  131 

42     49 

Crystal  No.  1  shows:  a,  b,  c,  m,  t,  z,  i. 
Crystal  No.  2  shows:  a,  b,  — ,  m,  — ,  z  — . 

10.  TRIDYMITE. 

Small  hexagonal  plates  of  tridymite,  1  mm.  in  diameter  and  rarely 
larger,  are  rather  plentiful  in  places.  The  forms  present  on  two 
crystals  which  were  partially  measured  are  <?={000l},  m={l0l6\, 
i={3250},  Z={5490},  r={3034{,  /=}1012}.  The  first  crystal  measured 
was  a  twin. 


Measured. 

Calculated. 

Cyv  C 

0 

35 
90 
23 
26 
54 
43 

/ 

06 
02 
20 
39 
48 
54 

o           / 

35     18 

c  ^  m   

90    00 

m^l 

23    25 

iii^l 

26     20 

c,n  r 

55    03 

c^f 

43    39 

11.  ZINNWALDITE. 


The  occurrence  of  this  lithia  mica  has  already  been  mentioned  by 
Collier, a  who  has  very  kindly  furnished  the  writer  the  numerous  sam- 
ples collected.  He  gives  as  the  exact  localit}7:  On  Cassiterite  Creek 
(extension  or  branch  of  Lost  River),  5  miles  from  the  coast  and  8  miles 


i  Collier,  A.  J.,  The  tin  deposits  of  the  York  region,  Alaska:  Bull.  U.  S.  Ceol.  Survey  No.  '229,  p.  20. 
Bull.  262—05 9 


;  v:    N-     V  -Y. 

Y    •  k,  Alaska.     It    s  sta(    M           or  in  a  tting 

through  Limestone.                  riders  s       ring  '  float, 

and  in  some     f  these  there is  a  ta        agist- 

ing almost  Others  s  waldil 

scattered   through   mass  I  issit  s    ass        :ed   with 

lesol  4s  further  ass  s  i      '.ier  uiei  : 

fluorite.  felds]  i  fce,  tourmali  rite,  ga        .   galena, 

wolframite,  and  malachite. 
The  zinnwal         has  §  mass  thoul 

stal  boundaries,         fuses     is  tmass,         rii  g  the  name 

A  inalysis  si       ed  tliat  the  miu- 

eral  is  undoubtedly  zinnwal.  51  likes  mentioned! 

-  [his  rim 

1  mm.  lis  leveloped  only  on  one  side  of  the 

t  is  present  rs        ins  Under 

the  mier  seo]      the  -       g  and  brown  color  and  is  uni 

nearest   the    limesl   ...      ut    '..     axial       _  ises    is    the   zinu- 

waldite  is  places  the  is  gi  »wn. 

The  difference  in  col  g  ilmosl       lorless 

[  5  probe  tite,  poss 

somewhat  altered  to  Flirt]  -  :  tl  Jdite 

'erred  :  Of  i         ss        ted]         rals,     issil 

r  in  si  >tals.  descri]  :  ion  of  which  foil 

The   association  ssiterite,  topaz,  a    I      innwaldit     Is  als     notej 

st     3  —  -      -  -      .     inging  from  a  thick 

ss  than  1  mm.  to  several  cm.  _       nes  ai                   ind  black; 

the  smallei          5             -           trans  _                    in  color,, 

oming  nearly  col     less  at  times  -                      miuon. 

stals  us           -  sim]             bination  of  a={l 

*=  1  -    aller  ones  usually  are  more 

complex.     Twos         -                -  is    red,  the  first  one  a  simpll 

stal,  1       -  5  not       are:     =   .       .      ={110},. 

-    .  -     .       _  !.=    ::.=:::  ..-=  23i}.ani 

the  new  pris  14    . 
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a =100 
1=110 
1=340 
1=570 
1=230 
I  =  120 
[=140 
6=011 
8=111 


Measured. 


*• 


o  / 

0  ()<) 

45  00 

36  35 

35  48 

33  37 

26  30 

13  56 

0  03 

45  01 


/=231  33  46 


90  00 

90  00 

90  00 

90  00 

90  00 

90  00 

90  00 

33  48 

43  35 

67  39 


Calculated. 


<t>. 

0 

/ 

0 

(in 

45 

no 

36 

52 

35 

32 

33 

41 

26 

34 

14 

02 

0 

00 

45 

00 

33 

41 

90  00 

90  00 

90  00 

90  00 

90  00 

90  00 

90  00 

33  54 

43  33 

67  35 


The  prism  /=  [14-oj  was  noted  three  times  as  a  narrow  face  meas- 
urements of  which  gave  the  following  values  for  the  $  angle: 

13'    49 

13  19 

14  1<> 

The  dominant  terminal  form  is  {ill},  though  {011}  becomes  at  times 

fairly  large.     {23 1 J  occurs  on  crystal  No.  1  as  minute  faces  and  also  as 

long,  narrow  Line  face-. 

13.  TOPAZ. 

Two  small  crystals,  about  2  mm.  long,  which  were  measured,  showed 
the  following  forms:"  5={010},  m,={ll0},  /  =  {l2<)|,  tt={250},  ^={130}, 
y={02l},  /={01l),  </  =  {ll2},  s={335},  0={lll}.  The  crystals  were 
rounded  and  broken  and  gave,  on  the  whole,  rather  poor  signals.  The 
measurements  serve,  however,  to  determine  the  forms. 


6=010 
w  =  110 
Z=120 
ar=250 
-7  =  130 
y=021 
/=011 
tt=112 
8=335 

0  =  111 


Measured. 

lalculated. 

*. 

p- 

<f>. 

p- 

o     / 

0 

/ 

0 

/ 

o     / 

1  36 

90 

00 

0 

imi 

'.hi  00 

61  59 

90 

00 

62 

IIS 

90  00 

13  28 

!.ii 

00 

43 

25 

9 ' 

37  00 

90 

00 

37 

07 

90  00 

32  26 

90 

00 

32 

14 

90  00 

0  38 

(il 

44 

0 

00 

62  20 

0  38 

44 

24 

0 

mi 

43  39 

61  56 

45 

39 

62 

08 

45  35 

61  li- 

50 

31 

62 

08 

50  46 

es  10 

63 

00 

62 

08 

63  54 

The  only  terminal  form  on  crystal  No.  1  is  u  -{112}, 


a  Goldschmidt's  orientation,  chosen  in  Winkeltabellen. 
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14.  BOURNONITE. 

An  analysis  of  massive  bournonite  from  Bogg's  mine,  Big  Bug  dis- 
trict, Yavapai  County,  Ariz.,  furnished  for  analysis  by  Prof.  C. 
Palache,  yielded  the  figures  given  below. 

S 20.04 

As 2.  81 

Sb 18.  99 

Pb 40.21 

Cu 15.12 

Fe 35 

Zn 35 

Mn trace 

Insoluble 1.  67 

99.54 

15.  ANHYDRITE. 

A  deposit  of  crystallized  anhydrite  occurs  in  Texas,  the  exact  locality 
of  which  is  not  known.  The  crystals  are  small,  reaching  a  maximum! 
of  1  mm.  in  length,  and  are  tabular  parallel  to  the  macropinacoid. 

The  base  is  present  as  a  long,  narrow  face. 
The  clinopinacoid  is  probably  present,  but 
the  zone  of  brachydomes  is  very  rounded 
and  striated,  no  sharp  faces  occurring  in 
this  zone.  Under  the  microscope  the  crys- 
tals show  that  the  axial  plane  is  parallel  to 

Fig.  10.— Anhydrite.  ... 

^  =  {010}  and  the  acute  bisectrix  is  normal 
to  «={l00}.  The  interference  figure  is  about  as  large  as  that  of  mus- 
covite  and  is  positive.  An  anatysis  was  made  of  the  mineral,  to  leave 
no  doubt  as  to  its  identity. 

CaO 41.  01 

S03 58.87 

Ign '. 22 

Insoluble 06 

100. 16 

16.  GLiAUCODOT. 

A  sample  of  cobalt  ore  from  the  Standard  Consolidfited  gold  mine, 
Sumpter,  Oreg.,  consists  of  glaucodot,  with  pyrite  and  perhaps  other 
sulphides,  in  a  dark  silicate  rock.  Imperfect  crystals  are  abundant, 
though  they  usually  show  but  one  or  two  faces.  Much  of  the  ore  is 
massive,  and  it  is  practicall}7  impossible  to  determine  whether  it  is  all 
glaucodot  or  in  part  cobaltite.  One  crystal  was  measured.  The 
small  crystal  (about  1  mm.  long)  is  orthorhombic,  and  shows  the  fol- 
lowing forms:  ?n={ll0},  5={010},  ^={101},  and  a  very  much  striated 
brachydome  zone  in  which  the  following  forms  are  probably  present: 
{014},  {013},  {012}. 
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Measured. 

Calculated. 

<f>. 

p- 

<!>. 

p- 

h  -010 

o         / 

0     34 
56     10 
90    20 
0     34 
0     34 
0     34 

o           / 

90     00 
90     00 
60     22 
15     33 
22     00 
29     00 

o          / 

0     00 
55    34 
90     00 
0    00 
0    00 
0    00 

o             / 

90    00 

m— 110 

90    00 

e  —101  

60    04 

r  —014 

16    34 

q  -013 

21     39 

*  -012  

30    46 

Many  other  signals  between  these  were  seen  in  the  striated  brachy- 
donie  zone,  but  they  probably  belong"  to  no  definite  face. 
The  analysis  gave  the  following  results: 


Ratio. 

As 

39.84 
18.46 
12.  45 
20.23 

9.38 

} 

0.94 

S 

1.04 

Fe 

Co 

1.02 

Insol  . . 

100.  36 

Nickel  and  antimony  were  not  determined,  though  the}T  were  shown 
not  to  be  present  in  any  quantity.      The 
ratio  of  the  cobalt  to  iron  is  31:20  or  3:2, 
so  that  the  formula  may  be  written 


instead  of 


Co3  Fe2  As5  S5, 

R  AsS,  R=(Co,  Fe). 
17.  PYRITE. 

A  small  group  of  pyrite  crystals  from 
Spanish  Peaks,  Colo.,  kindly  presented  to 
the  writer  by  Mr.  R.  Sargent,  showed,  on 
examination,  a  rich  combination  of  forms, 

especially  in  the  pyritohedral  zone.  The  faces  are  for  the  most  part 
not  striated  and  give  excellent  reflections.  Jn  size  the  crystals  reach 
a  maximum  of  about  one-half  centimeter  in  diameter.  They  were  so 
closely  crowded  together  that  only  a  small  portion  of  each  crystal 
was  developed;  consequently,  when  the  group  was  broken,  a  few  frag- 
ments showed  only  one  or  two  zones  of   faces. 
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Twenty-five  forms  are  present  on  the  twelve  crystals  measured 
They  are: 


c  =100 
,4  =  1.10.0 
b  =180 
/  =140 
a  =130 
e  =120 
5=590 


a- 

=470 

h  = 

=350 

C-- 

=580 

I) 

=570 

i  = 

=340 

E-- 

=790 

5=450 

q=U 

k  =560 

O  =11 

r=670 

u  =22 

d=110 

x  =12 

K=1U 

ip=U 

m=113 

go=13 

The  average  of  the  angles  measured  with  the  calculated  angles  ar 
shown  in  the  following-  table: 


No. 

Letter. 

Symbol. 

Measured. 

Calculated. 

4>. 

p- 

4>- 

p- 

o 

/ 

0 

/ 

0 

/ 

o           / 

1 

c 

100 

90 

00 

90 

00 

90 

00 

90     00 

2 

A 

1.10.0 

5 

49 

90 

00 

5 

43 

90    00 

3 

b 

180 

7 

08 

90 

00 

7 

08 

90    00 

4 

/ 

140 

14 

03 

90 

00 

14 

02 

90     00 

5 

a 

130 

19 

06 

90 

00 

18 

26 

90     00 

6 

e 

120 

26 

34 

90 

00 

26 

34 

90    00 

7 

B 

590 

28 

59 

90 

00 

29 

03 

90     00 

8 

a 

470 

29 

30 

90 

00 

29 

45 

90    00 

9 

h 

350 

31 

04 

90 

00 

30 

58 

90     00 

10 

C 

580 

31 

59 

90 

00 

32 

00 

90     00 

11 

I) 

570 

35 

17 

90 

00 

35 

32 

90    00 

12 

% 

340 

36 

52 

90 

00 

36 

52 

90    00 

13 

E 

790 

37 

47 

90 

00 

37 

52 

90     00 

14 

8 

450 

38 

39 

90 

00 

38 

39 

90     00 

15 

€ 

560 

39 

48 

90 

00 

39 

48 

90     00 

16 

r 

670 

40 

36 

90 

00 

40 

36 

90    00 

17 

a 

110 

45 

00 

90 

00 

-15 

00 

90    00 

18 

K 

114 

45 

00 

19 

25 

45 

00 

19     28 

19 

m 

131 

18 

33 

72 

45 

18 

26 

72     27 

20 

9 

r        112 
I        121 

26 
44 

34 
59 

65 
35 

54 
15 

26 
45 

34 
00 

65     54 
35     16 

21 

0 

111 

45 

00 

54 

44 

45 

00 

54     44 

22 

u 

(        122 
1         221 

45 
26 

00 
34 

70 

48 

31 
13 

45 

26 

00 
34 

70     31 
48     11 

f         123 

26 

35 

36 

40 

26 

34 

36    42 

23 

X 

J         132 

18 

31 

57 

40 

18 

26 

57     41 

1         231 

33 

42 

74 

30 

33 

41 

74    30 

24 

If, 

124 

26 

20 

28 

40 

26 

34 

29     12 

25 

GO 

134 

18 

18 

39 

37 

18 

26 

38     19 
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Of  the  pyritohedrons  i  is  the  dominant  form  and  is  always  well 
developed  in  large  broad  faces,  e,  d,  £,  y  occur  quite  frequently  as 
smaller  faces,  while  b,  f,  a,  a,  h,  are  rarely  present  as  very  narrow 
faces,  c  is  also  narrow  but  never  striated,  always  giving  perfect 
reflections.  The  dodecahedron,  <7,  is  usually  somewhat  uneven.  The 
octahedron,  0,  and  </,  ?/,  and  x  occur  commonly,  while  Z-,  ///,  >/\  rs>  were 
observed  but  once  each. 

18.  VANADINITE. 

A  specimen  of  vanadinite,  doubtless  from  Yuma  County,  Ariz., 
shows  a  few  crystals  that  possess  a  large  number  of  forms.  The 
crystals  are  3  mm.  long  and  2  mm.  thick,  and  present  the  usual 
appearance  and  habit  of  vanadinite.  The  zone  c  m  is,  however,  very 
rich  in  forms.  A  number  of  vicinal  forms  were  encountered  that 
seem  characteristic  of  the  particular  specimen.  Sometimes  the  crys- 
tals are  broken,  or  an  apparently  simple  crystal  may  be  composed  of 
several  ones  not  strictly  in  parallel  position.  In  such  cases,  each 
zone  c  m  was  carefully  adjusted  by  itself  and  the  angles  were  measured. 
A  continuous  line  of  signals  was  practically  never  encountered,  each 
face  being  distinct  and  giving  a  sharp  signal. 

The  forms  observed  are  quoted  below. 


Known  forms: 
f=0001 
(f  =  l()T0 
/>  =  1120 
/<=2130 
#=3140 
d=10l3 
r=1012 
:r  =  1011 
<5=5054 
^=4043 
a =3032 
/i=5053 
?/=2021 
<y=5052 


Known  forms — Continued.     New  forms — Continued. 


2=3031 
tt=4041 
s=1121 
r=1122 
i=2131 
£=4154 
/=3252 
New  forms: 
(2=5380 
/.=3034 
o=7076 
n=7075 
.1=7074 
77=7072 


#=11.0.11.3 

x=io.o.To.i 

Vicinal  forms: 
26.0.26.25 
43.0.43.40 
19.0.19.10 
15.0.T5.7 

Doubtful  forms: 

71=11.0.11.10 

5=9095 
D=9094 
E=8083 
G=10.0.10.3 
F=ll. 0.11.4 
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The  measured  and  calculated  angles  for  all  these  forms  are: 


No. 

Letter. 

Symbol. 

Measured. 

Calculated. 

Miller. 

0. 

p. 

4>. 

p- 

o 

/ 

o 

/ 

0 

/ 

0   / 

1 
2 

C 

a 

0001 
lOlO 

0 
90 

00 
00 

0  00 
90  00 

0 

00 

0 

00 

3 

b 

1120 

30 

00 

90 

00 

30 

00 

90  00 

4 

h 

2130 

19 

09 

90 

00 

19 

06 

90  00 

5 

g 

3140 

13 

54 

90 

00 

13 

54 

90  00 

6 

d 

5380 

21 

34 

90 

00 

21 

47 

90  00 

7 

6 

1013 

0 

00 

15 

23 

0 

00 

15  20 

8 

r 

1012 

0 

00 

22 

22 

0 

00 

22  21 

9 

k 

3034 

0 

00 

31 

44 

0 

00 

31  40 

10 

X 

1011 

0 

00 

39 

29 

0 

00 

39  26 

11 

— 

26.  0.  26.  25 

0 

00 

40 

26 

0 

00 

40  32 

12 

— 

43.  0.  43.  40 

0 

00 

41 

29 

0 

00 

41  29 

13 

n 

11.0.  TT.  10 

0 

00 

42 

16 

0 

00 

42  08 

14 

0 

7076 

0 

00 

'43 

54 

0 

00 

43  49 

15 

8 

5054 

0 

00 

45 

47 

0 

00 

45  47 

16 

r 

4043 

0 

00 

47 

37 

0 

00 

47  38 

17 

u 

7075 

0 

00 

49 

05 

0 

00 

49  01 

18 

a 

3032 

0 

00 

50 

53 

0 

00 

50  58 

19 

P 

5053 

0 

00 

54 

02 

0 

00 

53  53 

20 

A 

7074 

0 

00 

55 

13 

0 

00 

55  12 

21 

B 

9095 

0 

00* 

56 

09 

0 

00 

55  57 

22 

— 

19.0. 19.10 

0 

00 

57 

24 

0 

00 

57  23 

23 

y 

2021 

0 

00 

58 

42 

0 

00 

58  42 

24 

— 

15.0.15.7 

0 

00 

60 

25 

0 

00 

60  25 

25 

D 

9094 

0 

00 

61 

42 

0 

00 

61  37 

26 

Q 

5052 

0 

00 

63 

43 

0 

00 

64  03 

27 

E 

8083 

0 

00 

65 

30 

0 

00 

65  29 

28 

F 

11.0.  IT.  4 

0 

00 

66 

10 

0 

00 

66  09 

29 

3031 

0 

00 

67 

52 

0 

00 

67  56 

30 

G 

10.0:10.3 

0 

00 

69 

53 

0 

00 

69  57 

31 

H 

7072 

0 

00 

70 

57 

0 

00 

70  50 

32 

K 

11.0.  TT.  3 

0 

00 

71 

38 

0 

00 

71  39 

33 

Tl 

4041 

0 

00 

73 

04 

0 

00 

73  05 

34 

L 

10.  0.  To.  1 

0 

00 

83 

09 

0 

00 

83  04 

35 

s 

1121 

30 

15 

54 

40 

30 

00 

54  55 

36 

v 

1122 

29 

54 

35 

22 

30 

00 

35  27 

37 

i 

2131 

19 

02 

65 

11 

19 

06 

65  19 

38 

? 

4154 

10 

56 

41 

49 

10 

53 

43  17 

39 

1 

3252 

20 

38 

60 

03 

23 

25 

60  50 

SCHaller.]  MINERALOGIOAI,    NOTES.  137 

Following  is  ?i  short  description  of  the  new  forms,  the  /j  angle  only 
|)eing  given  for  the  pyramids,  </>  being  0°  00'. 

a?={5380}:  Four  faces  of  this  new  prism  were  noted,  always  as  line 
faces. 

o  /  o  / 

Meas.  </> 21     20        Calc.  </> 21     47 

33 
37 
48 

£={3034/:  Only  two  faces  of  this  form  are  present,  both  on  the 
same  crystal.  The  faces,  though  narrow,  are  broader  than  many  of 
the  others,  and  gave  fairly  good  reflections. 

o  /  o  / 

Meas....  31     45        Calc 31     40 

43 

{26.0.26.25/:  This  and  the  following  form  are  doubtless  vicinal  to 
{loll},  though  they  both  occur  a  number  of  times.  This  one  is  pres- 
ent on  four  crystals,  and  the  measurements  show  the  following  values: 

o         /  o  / 

Meas 40     24        Calc... 40     32 

26         Calc.  for  1 1011 J     39°     26' 
36 

25 
19 
25 

{43.0.43.40/:  This  vicinal  form  is  present  on  three  crystals  and 
occurs  nine  times.     The  faces  are  small  and  the  reflections  fair. 

o    /  o    / 

Meas 41  24    Calc...  41  29 

30    Calc.  for  |  1011.;,  39°  26'. 

32 

16 

24 

35 

26 

35 

37 

n= {ll. 0.11.10} :  This  form  occurs  on  two  crystals.  The  faces  are 
narrow  and  the  reflections  but  fair. 


0        / 

0       / 

(as....   42     24 

Calc. 

..  42     08 

20 

04 

The  form  can  be  only  classed  as  doubtful. 
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#—{7076}:  Occurring  on  three  crystals,  the  following  angles  wei 
measured : 

o  /  o  / 

Meas 43    24        Calc 43    49 

53 

44    06 

14 

^={7075}:  The  reflections  from  the  very  narrow  faces  of  this  fori 
were  poor. 

o  /  o  / 

Meas 49     17        Calc 49    01 

16 

48    42 

.4  =  {7074}:  This  is  the  most  prominent  of  the  new  forms,  and  occurr; 
ten  times  as  (relatively)  broad  faces  on  four  crystals.     The  reflection 
were  usually  fairly  good. 

o  /  O  / 

Meas....  54  52  Calc...  55  12 
49 
52 
48 
55  35 
11 
38 
12 
24 
17 

i?={9095}:  A  very  doubtful  form,  present  as  very  narrow  facet 
giving  poor  reflections. 

o  /  o  / 

Meas 56     18        Calc 55    57 

05 

{19.0.19.10}:  Another  vicinal  form,  doubtless  vicinal  to  {2021}. 

o  /  o  / 

Meas 56    59        Calc 57    23 

57     18 

18        Calc.  for  {2021},  58°     42/ 

30 

19 

6"=  {15. 0.15.7}:  Another  vicinal  form  occurring  on  three  crystals. 

o  /  o  / 

Meas 60     13        Calc 60    25 

38 
24 

-Z)={9094}:  A  doubtful  form  present  on  one  crystal. 

o         /  o         / 

Meas....  61    53        Calc 61    37 

30 
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.#={8083}:  A  very  doubtful  form. 


0            / 

o 

/ 

Meas.-..  65    80 

Calc... 

65 

29 

65 

j&={ll.0.11.4}:  A  doubtful  form. 

o           / 

0 

/ 

Meas 66    01 

Calc... 

66 

09 

19 

£  =  {10.0.10.3}:  A  doubtful  form. 

0            / 

o 

/ 

Meas 69    54 

Calc... 

69 

57 

_/7={7072}:  Though  occurring  but  once  as  a  small  face,  it  gave  a 
fairlv  good  reflection. 

o  /  o  / 

Meas 70    57        Calc 70    50 

iT={ll. 0.11.3}:  Two  faces  of  this  form  were  noted. 


o  /  o  / 

Meas 71     41        Calc 71     39 

35 

Z- {10. 0.10.1} :  Two  faces  of  this  form  are  present  on  one  crystal. 

o  /  o  / 

Meas 82    56        Calc 83    04 

83    21 

The  average  value  obtained  for^>0  is  0.8223. 

19.    GLOBULAR   LEPIDOLITE. 

Text-books  on  mineralogy  do  not  mention  the  globular  form  for  the 
lithia-mica  lepidolite.  Such  globular  forms  have  long  been  known  for 
muscovite,  and  in  fact  are  by  no  means  uncommon  for  that  species. 
While  studying  the  literature  of  lepidolite  in  general  two  occasions 
were  noted  in  which  globular  lepidolite  was  spoken  of. 

One  was  by  vom  Rathff  in  describing  the  litbia  deposits  of  the  island 
of  Elba.  On  page  649  he  says:  "  Zuweilen  sind  die  (lepidolite)  Blatter 
zu  Kugeln  gruppirt" — at  times  the  (lepidolite)  plates  are  grouped  in 
spheres  (  =  globular). 

The  second  mention  was  found  in  Hamlin's6  book  on  Mount  Mica, 
Paris,  Me.,  in  which  he  says: 

On  November  20,  1822,  E.  L.  Hamlin  sent  to  Professor  Silliman,  at  Yale  College, 
a  box  of  minerals  from  the  locality,  with  letters  and  catalogue  as  follows:  *  *  *. 
In  the  catalogue  Mr.  Hamlin  mentions  lilac-colored  mica  as  found  in  small  globular 
concretions. 

A  large  specimen  of  the  pegmatite  rock  in  front  of  Mr.  Bowker's 
barn,  at  Mount  Mica,  shows  a  number  of  these  spheres  of  lepidolite, 

«Vom  Rath,  G.,  Die  Insel  Elba:  Zeitschr.  d.  d.  geol.  Ges.,  vol.  2'2,  1870,  p.  649. 
b  Hamlin,  A.  C,  The  Hi.stpry  of  Mount  Mica,  pp.  16-17. 
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several  centimeters  in  diameter.  At  Auburn,  Me.,  several  specimens  o 
globular  lepidolite  were  found  in  the  summer  of  1904  by  Mr.  Wade 
working  on  Pulcifer's  ledge  on  Mount  Apatite.  Some  of  these  wer 
fairly  large,  one  such  specimen  (by  no  means  the  largest)  collected  b 
the  writer  being  6  cm.  in  diameter  and  2£  cm.  thick.  Here,  at  Moun 
Apatite,  this  globular  form  of  lepidolite  is  abundant  and  forms  one  o 
its  characteristic  phases.  It  often  has  a  whitish  border  (a  few  milli 
meters  thick)  of  some  undetermined  mineral  (probably  a  mica)  sur 
rounding  it. 

20.  LIBETHENITE. 

Some  minute  crystals  of  libethenite,  about  a  millimeter  in  diameter 
from  Yerington,  Lyon  County,  Nev.,  proved  to  be  weil  adapted  fo 
measurement.  As  the  symmetry  of  the  mineral  has  been  regarded  a,  - 
orthorhombic  by  some  writers  and  monoclinic  by  others,  it  was  hope< 
that  the  measurement  of  these  crystals  might  contribute  something  t< 
the  question.  The  results  have  been  very  satisfactory  and  show  tha 
the  crystals  measured  are  orthorhombic  and  not  monoclinic. 

The  crystals  were  collected  by  Mr.  D.  Smith,  to  whom  the  writer  | 
under  obligations  for  the  material  investigated.  Qualitative  chemicai 
tests  showed  the  presence  of  copper,  phosphoric  acid,  and  water: 

Some  time  after  these  measurements  were  made  an  article  by  Meld 
zera  appeared  on  the  symmetry  and  form  of  libethenite,  in  which  h« 
came  to  the  same  conclusion  as  the  writer  in  regard  to  the  symmetrl 
of  the  mineral,  his  conclusion  being  based  on  a  large  number  of  meas 
urements  of  Cornwall  crystals.  There  can  therefore  hardly  be  an! 
more  question  as  to  the  orthorhombic  character  of  libethenite. 

The  crystals  measured  are  minute,  less  than  a  millimeter  in  diam 
eter,  but  well  formed,  and  the  faces  usually  give  very  good  and  shall 
signals.  As  the  unit  prism  is  present  on  all  crystals,  they  were  easil 
adjusted  in  true  polar  position  and  could  be  quickly  and  accurateH 
measured  with  the  two-circle  goniometer. 

Under  the  microscope  the  crystals  always  extinguish  parallel  to  the 
crystallographic  axes.  No  phenomena,  such  as  twinning  structure  oi 
twinning  lamella?,  could  be  observed,  either  under  the  microscope  or 
on  the  goniometer. 

Seven  of  the  most  perfect  crystals  were  removed  from  the  matrix 
and  measured.  The  forms  observed  are :  h  =  {010},  m  =  {110},  * h — {olO}, 
#={310},  */={ll0},  £={011},  #={101},  {*=111}. 

«  Melczer,  G.,  Ueber  Libethenite:  Zeit.  f.  Kryst.,  vol.  39,  1904,  p.  288. 


schaller.]  MINER  A  LOG  IC  AL    NOTES.  141 

The  angles  measured  and  calculated0  for  the  eight  forms  given  are: 


Symbol. 

Measured. 

Calculated. 

No. 

Letter. 

Miller. 

4>- 

p- 

</>• 

p- 

0 

/ 

0 

/ 

0 

/ 

o 

/ 

1 

b 

010 

0 

01 

90 

00 

0 

00 

90 

00 

2 

m 

110 

46 

11 

90 

00 

46 

10 

90 

00 

3 

h 

540 

52 

26 

90 

00 

52 

28 

90 

00 

4 

8 

310 

71 

46 

90 

00 

72 

15 

90 

00 

5 

I 

410 

77 

02 

90 

00 

76 

30 

90 

00 

6 

e 

011 

0 

00 

35 

03 

0 

00 

35 

04 

7 

d 

101 

89 

56 

36 

11 

90 

00 

36 

10 

8 

s 

111 

46 

11 

45 

22 

46 

10 

45 

23 

Besides  these  the  prism  t  =  {210}  seems  to  be  present  on  one  crys- 
tal, though  the  reflection  was  very  poor  and  the  measured  angle 
varies  several  degrees  from  the  calculated 
value. 

Measured  (0),  61°  55',  calculated  (^), 
64    21'. 

The  new  prism  h  =  {540}  occurs  but 
onee.  giving  a  fair  reflection. 

The  new  prism  £  =  {410}  occurs  Ave 
times,  once  as  a  broad  face  and  the  other 
times  as  a  narrow  face. 

Goldschmidt  does  not  give  the  form 
|<fc{l0l}in  his  Winkeltabellen,  but  Melc- 
zer  gives  the    form   as   present  on    his 

crystals,  and  it  also  occurs  as  long,  narrow  faces  on  the  crystals  meas- 
ured by  the  writer. 

In  habit  the  crystals  differ  somewhat  from  that  shown  in  Dana's  sys- 
tem, inasmuch  as  on  the  Nevada  crystals  the  pyramid  s  is  large,  equal 
n  size  to  the  brachydome,  thus  making  the  prism  faces  subordinate  in 
ize.     The  general  appearance  of  these  crystals  is  shown  in  tig.  12. 


(i  Calculated  angles  taken  from  Winkeltabellen. 
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The  combinations  observed  are  shown  in  the  following  table: 


Crystal 

No. 
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— 
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— 

— 
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5 
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m 

— 

— 
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e 

d 

s 

6 

b 

m 

— 

— 

— 

e 

— 

s 

7 

b 

m 

h 

— 

1 

e 

— 
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From  all  the  good  measurements,  27  values  for  p0  and  24  values  for 
q0  were  calculated,  the  average  values  being 

po=.7308 

qo  =  .7014, 

which  agree  very  closely  with  those  given  by  Goldschmidt,  namely: 

p0=.7311 

qo  =  .7019. 

The  values  obtained  for  p0  and  q0  are  as  follows: 


Po- 

q0- 

Values. 

Measure- 
ments. 

Values. 

Measure- 
ments. 

.7295 
.7297 
.7301 
.7302 
.  7303 
.  7304 
.  7305 
.  7308 
.  7309 
.  7312 
.  7314 
.7316 
.7319 
.7321 

2 
2 
1 
1 
3 
3 
1 
1 
1 
3 
2 
3 
2 
2 

.  6993 
.  70D2 
.7004 
.7005 
.7010 
.7011 
.7014 
.7016 
.7018 
.  7021 
.  7022 
.7026 
.7028 
.7034 

2 
3 
2 
1 
1 
3 
1 
1 
2 
1 
2 
2 
2 
1 

Av.,  .7308 

27 

Av.,  .7014 

24 
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The  difference  in  the  (f*  and  f>  angles,  for  the  forms,  calculated  from 
he  two  values,  differ  not  more  than  a  minute. 
The  average  value  obtained  by  Melczer  is 

po=.7309 
qo=.7027. 

Taking  the  average  of  all  three  sets  of  values,  we  have 


Po- 

Qo- 

.7308 
-.  7311 
.  7309 

.7014 
.7019 
.7027 

Av.,  .7309 

Av.,  .7020 

The  axial  ratio  for  libethenite  then  becomes 
a:b:c  =  .9605  :  1 :  .7020. 


21.  CRYSTALLOGRAPHY  OF  LEPIDOLITE. 

A  group  of  lepidolite  crystals  was  collected  by  the  writer  in  the 
ummer  of  1904  at  a  gem  mine  about  4  miles  east  of  Ramona,  on  the 
tage  road  from  Ramona  to  Julian,  San  Diego  County,  Cal.  The 
nine  was  opened  and  worked  for  its  gems,  such  as  topaz,  tourmaline, 
garnet,  etc.  With  these  are  associated  quartz,  orthoclase  in  good 
rystals  at  times  several  feet  long,  muscovite,  and,  rarely,  lepidolite. 
?he  minerals  in  question  all  occur  in  the  loose  dirt,  tilling  "pockets" 
^i  a  pegmatite  dike. 

;  The  specimen  of  lepidolite  under  consideration  consists  of  a  group 
I  intergrown  crystals  which  often  reach  large  size.  The  group  itself 
I  about  5  cm.  thick  and  the  individual  crystals  measure  about  1  cm. 
pross  the  base,  though  crystals  with  a  diameter  of  2  cm.  are  not  rare, 
'he  crystals  are  also  proportionally  thick,  the  average  being  from  2  to 
i  mm.,  though  a  few  are  somewhat  thicker.  They  are  transparent 
nd  of  a  ver}T  pale  pink  color,  and,  in  the  direction  normal  to  the  ver- 
bal axis  and  parallel  to  the  base,  of  a  slightly  deeper  tint.  The}^  fuse 
ksily  to  a  white  enamel,  coloring  the  flame  an  intense  crimson.  The 
jde  faces  are  usually  plane,  not  rounded  nor  striated,  and  of  a  brilliant 
plish,  giving  excellent  signals.  It  is,  however,  extremely  difficult  to 
pure  a  complete  crystal  from  the  group  owing  to  the  perfect  basal 
ieavage,  which  will  cause  a  crystal  to  split  into  a  number  of  layers, 
his  will  also  at  times  cause  part  of  a  crystal  to  become  slightly  dis- 
laced.  In  consequence  of  this  difficulty  most  of  the  crystals  meas- 
red  are  only  parts  of    the   original  crystals,   and  two  such  pieces 
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measured  as  separate  crystals  may,  in  reality,  be  parts  of  one  and  th< 
same  crystal. 

As  may  be  expected,  the  crystals  of  lepidolite  are  similar  to-thosi 
of  muscovite.  They  also  show,  however,  some  marked  differences 
The  interfacial  angles  are  nearly  the  same  and  the  crystals  are  natur 
ally  referred  to  the  same  axes  as  muscovite.  There  are  three  market 
differences  between  these  crystals  and  those  of  muscovite:  (1)  Tin 
rarity  of  twins,  only  one  being  found  in  twenty-one  crystals;  (2)  th< 
absence  of  the  characteristic  face  of  muscovite,  M  =  {221};  and  (3)  th< 
presence  of  the  a  face  {100},  occurring  on  10  out  of  21  crystals.  Th<; 
crystals  are  not  so  striated  as  the  green  North  Carolina  muscovites 
for  instance,  and  in  many  cases  the  faces  yielded  perfect  signals. 

The  common  forms  are  c  =  {001},  5  =  {010},  a  =  {100},  e  =  {023} 
o  =  {112},  M  =  {ill},  and  x  —  {131}.  Besides  these  the  following  hav( 
been  determined:  N—  {261},  z  ={132},  £  =  {130},  and  possibly  several 
others,  as  {223},  {221},  {112} ;  also  a  number  of  forms  which  occur  fon 
the  most  part  as  broad  faces,  giving  good  reflections,  but  having 
anomalous  indices,  and  which  need  further  study. 

The  most  frequent  combination  is  c  b  o  u  ,/',  after  which  comes  c  h  h 
u  x  e  a.  Whenever  the  angle  (001):  (010)  could  be  accurately  measures 
it  was  found  to  be  exactly  90°  00'  in  every  case,  and  the  distribution 
of  the  faces  also  indicates  monoclinic  symmetry. 

It  was  noticed  that  the  angle  between  the  same  forms  varied  slightlj 
on  different  crystals.  The  faces  were  smooth  and  highly  polished,  anc 
the  angles  could  easily  be  measured  with  an  error  not  greater  than  V 
It  is  suggested  that  this  variation  is  real,  and  is  due  to  the  fact  thai 
lepidolite  is  an  isomorphous  mixture  of  two  end  products,  and  as  the 
ratio  of  these  two  products  varies,  the  crystallographic  and  physics 
properties  of  the  mineral  also  vary.  Further  study  on  the  possibj 
correlation  of  the  various  properties  of  the  mineral  is  under  way. 

This  lepidolite  belongs  to  the  "second  class"  of  Tschermak  or  the 
u brachy diagonal  class"  of  Scharizer — i.  e.,  the  axial  plane  is  paralle 
to  the  clinopinacoid  and  not  normal  to  it.  The  trace  of  the  axial  plant 
was  always  parallel  to  one  arm  of  the  percussion  figure. 

The  above  is  only  a  brief  preliminary  statement.  The  detailed  crys- 
tallography of  the  mineral  will  soon  be  published  in  a  paper  on  the* 
mineralogy  of  this  entire  held  of  lithium  minerals  in  southern  California. 

The  writer's  thanks  are  due  Mr.  Dan  Mcintosh,  jr.,  of  Ramona,  the 
owner  of  the  mine. 
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